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PI.  xxi. 
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kirk. 
Brussels  and  Cassel 
Brussels  


Brussels 
Brussels 


Mollusca.  (24.) 
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—  subplicatus.   PI.  t.  f.  6   

—  terebellum.   PL  t.  f.  5  

HeU*  Alesandri.  PI.T.f.9  

 bilamellata.   PL  t.  f.  8   

— -  incarnate.  Woodcuts  

—  ruderata.  Woodcuti   

 spurca.   PL  t.  f.  10  

Semimrim  BowerbmJkiL  PI.  rrL  f.  9  ., 
Smccmtm  Benson****.  PL  ▼.  f.  7..... 
Tropkon  tuhtodomm.  PL  xri.  f.  10 
Ore  of  Gasteropoda  ?  PLxrLtll... 


Thanet  Sanda 

Pleiftocene  .. 
Pleiatocene  .. 
Pleistocene  .. 
Pleiatocene  .. 
Pleiatocene  .. 
Pleistocene  .. 
Pleistocene  .. 
Pleistocene  .. 
Pleistocene  .. 
Pleistocene  .. 
Pleistocene  .. 
Thanet  Sands 
Pleiatocene  .. 
Thanet  Sands 
Thanet  Sanda 
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DUkyroemrii}  qrtyckoifa   

ProtieknUm  alternant.   PL  xir. . 

 fc/ut.  PLxL   
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 MuMnoimh*.   PI.  xii  

 •  teptewmotrntrnt.   PL  ix.  .... 

 octomotmhu.   PL  x.  

Pterygotus  problematicus.  PL 
1 1,2. 


Silurian.. 
Silurian.. 
Silurian.. 
Silurian.. 
Silurian.. 
Silurian.. 
Silurian.. 
Silurian.. 


7W*p*JM  BjmtmM.  PL  W. 
Reptilian  footprints.    PI.  iiL 


Supposed  Ora  of  Batracbians.  Wood- 
cute. 
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St  Helena  < 

St  Helena  

St.  Helena  , 

St.  Helena  

St.  Helena  , 

St.  Helena  , 

Copford,  Essex 
Copford,  Essex 

St.  Helena  

Heme  Bay  

St.  Helena  

Heme  Bay  

Pegwell  Bay,  Shot- 

tenden  Hill,  and 

Bexley. 


Dumfriesshire.. 
Canada   

f>iH|jfa   


Canada   

Canada   

Canada   

Hagley  Park,  Here- 
fordshire. 


HUlofSpynie, 
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Cummingston,near 

Elgin. 
Forfarshire  . 
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198 
198 
199 
198 
199 
199 
198 
199 
190 
190 
199 
266 
198 
266 
247 


391 
221 
218 
220 
219 
214 
217 
386 


100 
98 
106 


ATM? 

i  ?  Woodcuta  |  Wealden  |  Hastings  |  396 

Mammalia.  (2.) 


Metacarpal  bone  of  large  Bear.  Wood-I  Upper  Tertiaryl  Copford,  Essex 
cuts. 

Molar  tooth  of  Bearer.  Woodcuts... .|  Upper  Tertiary |  Copford,  Essex 


187 
188 
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EXPLANATION  OF  THE  PLATES. 


Plate 

1.  — Fossil  Fern,  to  illustrate  Mr.  Bunbury'i  paper  on  a  peculiar  Fossil 

Fern  from  the  Sydney  Coal-field   To  face  p.  31 

2.  — Isothbbmal  Map  of  THB  Wobld,  to  illustrate  Mr.  Hopkins's 

paper  on  the  Causes  of  the  Changes  of  Climate   92 

3.  — Reptilian  Foot-track,  to  illustrate  Capt.  Brickenden's  paper  on 

the  discovery  of  the  foot-prints  and  remains  of  Reptiles  in  the  Old 
Red  of  Moray   98 

4.  — Telbrpeton  Elginbnsb,  to  illustrate  Dr.  Mantell's  paper  descrip- 

tive of  that  Reptile   105 

5.  — Fossil  Shells,  to  illustrate  Prof.  K.  Forbes's  paper  on  the  Extinct 

Land  Shells  of  St.  Helena    198 

6.  — Geological  Map  of  East  Canada,  -» 

7.  — Plan  of  the  Field  with  Exposed  Rock-subfaces,  >   212 

8.  — Enlarged  poetions  of  the  Rock-subfaces,  J 

To  illustrate  Mr.  Logan's  paper  on  the  Potsdam  Sandstone  Foot- 
tracks. 

9.  — Protichnitbs  •bptemnotatus, 

10. — pROnCHNITBS  octonotatus, 

11.  — Protichnitbs  latus, 

12.  — Protichnitbs  multinotatus,    }>    224 

13.  — pronchnites  linbatu8, 

14.  — Protichnitbs  altbbnans, 

14  A.— Pbotichnitbs, 

To  illustrate  Prof.  Owen's  paper  on  the  Potsdam  Sandstone  Foot- 
tracks. 

15.  — Sections,  -\ 

16.  — Fossil  Shells,  J 

To  illustrate  Mr.  Prestwich's  paper  on  the  Thanet  Sands. 

17.  — Map  of  parts  of  Belgium  and  French  Flanders,* 

18.  — Eocene  E  chinoderm  at  a  and  Crania, 

19.  — Nipadites, 

20.  — Nipadites  and  Honium , 


368 


To  illustrate  Sir  C.  Lyell's  paper  on  the  Tertiary  Strata  of  Belgium 
and  French  Flanders. 

21.  — Pterygotus  and  Graptolites,  to  illustrate  Mr.  Salter's  papers 

descriptive  of  these  fossils   392 

22.  — Geological  Map,  to  illustrate  Dr.  Bigsby's  paper  on  the  Lake  of 

the  Woods    400 

23.  — Geological  Map,  to  illustrate  Prof.  Nicol's  paper  on  Cantyre   406 


ERRATA. 


Part  I.  page  181,  nine  lines  from  bottom,  and  first  two  lines  in  p.  183, .Aw  thtt 
in  consequence,  Ac,  rood  nevertheless  had  retained  two  di- 
stinct names  for  om  natural  tyttem,  he  would  thereby  have 
done  disservice  to  geological  science. 

—  —   183,  line  9  from  bottom,      synonymous  recti  equivalent. 

—  —   212,—  2  from  bottom, /or  87  read  8. 

—  —   340,  341,  and  M2,/br  Pl.  VIII.  rood  Pl.  XVIII. 

—  —  346,  line  13  from  top,  dele  sp. 

—  —  375,  —  2  from  bottom,  for  Llanberis  read  Nant  Francon. 
Paet  II.  page  18,  line  14  from  bottom,  for  jet  rtmd  iodine. 


Direction*  to  the  Binder. 

The  Binder  is  directed  to  place  opposite  page  1 74,  Part  I.  the  loose  slip  relating 
to  the  Cambridge  Meeting,  Brit  Assoc ;  and  at  page  181  the  loose  slip  with 
Errata. 
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Capt.  Collinson,  R.E.,  was  elected  a  Fellow. 

The  following  communications  were  read : — 

1 .  Notice  of  the  occurrence  of  an  Earthquake  at  Santiago  and 
Valparaiso,  on  the  2nd  of  April,  1851. 

[Communicated  from  the  Foreign  Office,  by  order  of  Viscount  Palmerston.] 


2.  On  the  Slate  Rocks  of  Devon  and  Cornwall. 
By  the  Rev.  A.  Sedgwick,  F.R.S.,  G.S.  &c. 

After  a  painful  interruption  of  three  years,  I  resumed  my  geological 
work  during  the  past  summer,  and  revisited  some  portions  of  Devon- 
shire and  Cornwall,  a  small  part  of  the  typical  Silurian  country  (of 
Sir  R.  I.  Murchison),  a  part  ako  of  the  Cambrian  groups  of  North 
Wales,  and  lastly  some  groups  of  the  newer  fossihferous  slates  of 
Westmoreland  and  Yorkshire.  I  rejoice  to  appear  once  more  as  a 
fellow-labourer,  and  to  lay  the  tint-fruits  of  my  summer's  task  before 
the  Geological  Society. 

My  present  notice  will  be  confined  to  Devonshire  and  Cornwall. 
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It  is  well  known  to  all  who  take  any  part  in]  the  working  of  our 
Society,  that  daring  the  past  year  Sir  R.  I.  Murchison,  after  an 
examination  of  certain  fossils  sent  to  him  from  Cornwall,  has  intro- 
duced some  new  colours  into  the  geological  maps  of  Cornwall  and 
South  Devon*.  Thus,  he  colours  the  great  headlands,  between 
the  Bays  of  St.  Austell  and  Falmouth,  Lower  Silurian.  Again,  he 
colours  a  considerable  part  of  the  coast  in  the  neighbourhood  of 
Looe,  &c,  Upper  Silurian ;  and  the  same  colour  is  extended  to  a 
portion  of  the  slates  of  South  Devon  which  skirt  the  north  side  of 
the  metamorphic  rocks  of  Bolt  Head  and  Start  Point.  The  first 
change  of  colour  is  grounded  on  good  evidence ;  for  in  the  great 
headlands  S.W.  of  Austell  Bay  there  is  a  development  of  rocks  with 
a  remarkable  mineral  structure,  and  with  fossils  which  I  should  call 
Cambrian,  and  which  Sir  R.  I.  Murchison  calls  Lower  Silurian.  If 
I  mistake  not,  there  is,  however,  rather  too  great  an  extension  given 
to  the  new  colour  in  this  part  of  the  map  of  Cornwall.  As  to  the 
Upper  Silurian  colour,  it  was  put  in  hypothetically,  or  on  imperfect 
evidence ;  and  I  believe,  that  both  from  Devonshire  and  from  Corn- 
wall it  must  be  expunged  as  erroneous. 

During  my  short  tour  in  Cornwall,  Professor  M'Coy  was  my  fellow- 
labourer.  Before  we  started  on  our  tour  he  had  come  to  the  con- 
clusion, that  many  of  the  dark-coloured  fossils,  derived  from  the 
Cornish  coast  near  Fowey,  Polperro,  and  Looe,  were  not  the  remains 
of  Fishes,  but  portions  of  Sponges.  It  was  after  a  very  careful  mi- 
croscopic examination  (in  which  he  was  assisted  by  Mr.  Carter  of 
Cambridge)  of  specimens  partly  collected  by  myself  in  1836,  and 
partly  procured  from  Mr.  Peach,  that  Professor  M'Coy  had  come  to 
this  conclusion ;  and  during  the  past  summer  it  has  not  been  invali- 
dated, but  greatly  confirmed,  by  an  inspection  of  the  Cornish  speci- 
mens in  the  London  Museum  of  Practical  Geology,  as  well  as  those 
we  afterwards  collected  during  our  tour,  or  found  in  the  public  and 
private  collections  of  Cornwall.  All  evidence  for  the  existence  of 
Upper  Silurian  rocks  in  Cornwall,  derived  from  fossil  Fishes,  seems  to 
be  done  away,  and  the  same  remark  applies  to  other  supposed 
Upper  Silurian  fossils  f. 

When  Sir  R.  I.  Murchison  and  myself  commenced  our  examination 
of  Devonshire  in  1836,  our  first  and  main  object  was  to  determine 
the  true  position  of  the  culmiferous  beds  which  were  known  to  con- 
tain many  common  Carboniferous  fossils.  After  making  traverses 
from  the  north  to  the  south  shores  of  the  county,  and  after  using 
all  other  means  in  our  power,  we  came  to  the  conclusion  that  the 
Culm-system  of  North  Devon  was  deposited  in  a  trough  superior  to 
all  the  other  palaeozoic  rocks,  and  that  it  was  overlaid  by  no  rock  older 
than  the  New-red-sandstone ;  and  hence,  that  this  system  (as  there 

•  See  Geological  Map  of  England,  published  by  the  Soc  Diffus.  Useful  Know- 
ledge.  See  alto  Trans.  R.  GeoU  Soc.  Cornwall,  toL  vi.  p.  31 7  et  *?. 

t  After  my  return  from  South  Wales  in  1846,  Professor  M'Coy  proved,  in  like 
manner,  by  mkroscoptc  examination,  that  certain  supposed  fragments  of  Fish- 
bones  from  the  LUndeilo  Flags  had  been  erroneously  determined.  See  also  Quart. 
Jotun.  Geot  Soc  toL  Tii.  p.  264. 
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was  no  longer  any  physical  evidence  opposed  to  the  palseontological) 
must  be  regarded  as  Carboniferous*. 

At  the  time  this  conclusion  was  published  in  1836,  we  had  only  de- 
termined the  south  base  of  the  culm-trough  at  one  point  near  Oak- 
hampton.  But  soon  afterwards  the  whole  southern  line  was  deter- 
mined by  myself  with  a  near  approximation  to  its  present  position  on 
our  geological  maps  of  Devonshire  and  Cornwall. 

But  if  the  culm-trough  of  North  Devon  were  of  the  Carboniferous 
period,  it  seems  to  follow,  almost  as  matter  of  course,  that  many  of 
the  older  rocks  of  North  and  South  Devon  must  belong  to  the  period 
of  the  Old-red-sandstone.  Their  position  in  the  natural  sections,  in 
some  places  their  mineral  character,  and  all  their  fossils,  so  far  as 
then  known  in  South  Devon,  tended  to  this  conclusion.  Yet  for  rea- 
sons recorded  in  the  former  volumes  of  our  '  Transactions/  this  con- 
clusion was  not  drawn  by  us  until  near  the  close  of  1838.  During 
the  early  part  of  the  summer  of  1836,  we  determined  correctly  the 
principal  physical  groups  of  the  older  Devonian  rocks,  and  I  will 
briefly  enumerate  them  in  this  place,  and  give  them  names,  not  for 
the  purpose  of  stating  anything  new  or  unknown,  but  for  the  purpose 
of  more  easy  reference  to  the  physical  structure  of  Cornwall,  respecting 
which  I  have  never  before  stated  my  views,  in  any  detail,  to  this 
Society. 

The  first  and  oldest  of  these  groups  may  be  conveniently  called  the 
Plymouth  Group,  using  these  words  in  an  extended  sense,  so  as  to 
include  all  the  limestones  of  South  Devon  and  the  red  sandstones 
superior  to  the  Plymouth  limestone.  The  equivalent  to  this  group 
in  North  Devon  includes,  I  think,  the  Ilfracomb  and  Linton  limestones 
as  well  as  the  red  sandstones  of  the  north  coast. 

The  second  group  includes  the  slates  expanded  from  Dartmouth  to 
the  metamorphic  group  of  Start  Point  and  Bolt  Head,  and  is,  so  far 
as  I  know,  without  fossils :  it  may  be  called  the  Dartmouth  Group ; 
and  its  equivalent  in  North  Devon  is  found  in  the  slates  of  Mort 
Bay,  which  end  with  beds  of  purple  and  greenish  sand-rock  and 
coarse  greywacke.   It  ranges  nearly  £.  and  W.  across  the  county. 

The  third  group  is  not,  I  think,  found  in  South  Devon;  but  in  North 
Devon  it  is  well-defined,  commencing  on  a  base-line  of  sandstone-beds 
which  range  nearly  east  and  west  from  Baggy  Point  (on  the  western 
coast)  to  Marwood  (which  is  a  few  miles  north  of  Barnstaple),  and 
thence  towards  the  eastern  side  of  the  county.  This  group  is  con- 
tinued, in  ascending  order,  to  the  slates  on  the  north  shore  of  Barn- 
staple Bay ;  but  its  very  highest  beds  are  seen  on  the  south  shore 
of  the  bay,  dipping  under  the  base  of  the  Culm-measures. 

The  equivalent  of  this  third  and  highest  Devonian  Group  is  found 
to  the  south  of  the  great  culm-trough,  in  a  group  near  the  top  of 
which  appear  the  limestone-bands  and  fossiliferous  slates  of  Pether- 
win.  It  may  be  called  the  Barnstaple  or  Petherwin  Group,  and  I 
shall  generally  use  the  latter  name,  because  it  enables  us  more  directly 
to  connect  this  grovp  with  the  older  deposits  in  Cornwall. 

*  See  Report  Brit.  Assoc  1836,  Transact.  Sections,  p.  96;  and  Trans.  Geol.  Soc. 
2  Ser.  vol.  v.  p.  682. 
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Bearing  these  three  groups  in  mind  (for  they  were  previously 
made  out  by  Sir  R.  I.  Murchison  and  myself),  I  entered  Cornwall 
in  the  autumn  of  1836,  and  traced  what  I  have  called  the  Plymouth 
Group  to  Looe,  Polperro,  and  Fowey,  and  thence  round  to  St.  Austell 
Bav;  and  I  collected  fossils  from  all  the  places  above-named.  Nothing 
which  I  have  seen  or  learnt  during  the  past  summer,  has  changed  my 
views  respecting  the  age  of  the  rocks  spread  along  this  portion  of  the 
coast  of  Cornwall ;  of  course  excepting  the  old  Cambrian  rocks  (above 
alluded  to)  which  run  down  to  the  headlands  called  the  Dodman  and 
Nare  Head. 

I  did  not  during  the  past  summer  examine  the  coast  from  Veryan 
to  Falmouth  Bay ;  but  I  persevere  in  the  opinion  I  formed  in  1836, 
that  all  the  slate-rocks  S.  W .  of  Gerrans  Bay  are  nearly  on  the  parallel 
of  the  Plymouth  Group,  and  therefore  true  Devonian  rocks ;  and  to 
the  same  group  I  refer  all  the  slate-rocks  to  the  west  of  Falmouth 
Bay,  between  the  granite  and  the  great  plateau  of  the  Lizard.  This 
may,  however,  be  tnought  a  somewhat  rash  conclusion,  as  I  have  not 
carefully  examined  the  sections  through  the  slate-rocks  immediately 
north  of  the  Lizard  plateau  since  the  year  1819. 

While  following  the  fossiliferous  Plymouth  group  along  the  south- 
eastern coast  of  Cornwall  in  1836, 1  had  no  assistance  from  any  pub- 
lished work ;  and  in  this  part  of  my  task  I  preceded  Sir  H.  De  la 
Beche  ;  but  while  terminating  my  tour  along  the  north- western  coast, 
I  derived  the  greatest  assistance  from  the  notes  and  sections  which 
he  kindly  communicated  to  me,  thereby  enabling  me  in  a  few  days 
to  visit  the  best  fossil-bearing  rocks,  and  to  gain  a  knowledge  of  the 
country  which  might  have  cost  me  several  months  had  I  laboured 
without  his  help.  All  the  rocks  of  this  north-western  coast  from  St. 
Ives  Bay  to  a  headland  considerably  to  the  north  of  Cligga  Point, 
I  then  supposed  to  belong  to  the  Middle  Devonian  Group  (Dart- 
mouth slate) ;  and  so  far  as  I  made  out,  were  without  fossils. 

But,  guided  by  Sir  H.  De  la  Beche's  notes,  I  found  a  highly  fos- 
siliferous group  extending  from  New  Quay  to  Mawgan  Porth  and  Pad- 
stow,  and  thence  to  Tintagel ;  and  not  merely  ranging  near  the  coast, 
but  running  far  up  the  interior  of  the  country,  until  in  some  instances 
it  approached  a  central  boss  of  granite,  and  became  metamorphic. 
Thus,  for  example,  in  following  a  section  a  few  miles  south-east  of 
Tintagel,  I  found  the  rocks  passing  into  a  highly  crystalline  chiastolite- 
slate ;  vet  among  them  were  some  clear  impressions  of  the  well-known 
long-winged  Spirifers  of  Tintagel.  Beyond  Tintagel,  I  found  the 
same  group  wrapped  round  the  northern  end  of  the  great  protruding 
boss  of  granite,  and  thence  prolonged,  with  a  great  change  of  strike, 
into  the  Petherwin  Group  above  noticed. 

Hence  H  followed,  that  although  a  line  drawn  through  the  great 
central  bosses  of  granite  might,  in  a  certain  sense,  be  called  the  mineral 
axis  of  Cornwall,  yet  it  by  no  means  represented  the  range  of  the  oldest 
slates  of  the  county ;  for  the  great  zone  of  slates  on  the  S.E.  coast 
was  apparently  on  the  strike  of  the  old  Plymouth  Group ;  while  the 
fossiliferous  zone  on  the  N.W.  coast,  last  described,  was  the  westward 
prolongation  of  the  Petherwin,  or  newest  Devonian  Group. 
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Had  any  one  inquired  what  was  the  date  of  the  slates  in  the  cen- 
tral portions  of  the  county,  between  one  boss  of  granite  and  another, 
I  should  have  replied,  that  many  of  these  rocks  were  too  much  mine- 
ralized and  penetrated  by  veins,  to  give  any  certain  indication  of 
their  age ;  but  that  considered  collectively,  they  were  nearly  on  a 
parallel  with  the  Middle  Devonian  or  Dartmouth  Group. 

Such  were  the  general  results  of  my  tour  in  the  autumn  of  1836. 
The  slate-rocks  of  Cornwall  and  Devon,  whatever  might  be  their  age, 
formed  one  connected  and  inseparable  system ;  and  this  conclusion 
was  in  a  subsequent  year  embodied  in  a  single  sentence,  in  a  paper  on 
the  "  Devonian  System,"  published  by  Sir  K.  I.  Murchison  and  my- 
self, wherein  we  affirmed  that  all  or  nearly  all  the  slate-rocks  of 
Cornwall  were  of  the  Devonian  age,  and  therefore  on  the  parallel  of 
the  Old  Red  Sandstone.  Why,  the  reader  may  ask,  was  the  saving 
clause  introduced  into  this  conclusion  ?  I  must  honestly  state  that 
I  did  not  at  that  time  anticipate  the  probability  of  finding,  on  the 
south-eastern  coast  of  Cornwall,  any  older  rocks  than  those  of  the 
Plymouth  Group;  but  I  did  believe  it  probable  that  some  older 
rocks  might  be  brought  to  the  surface  near  the  central  portion  of 
the  county,  by  the  elevation  of  the  great  bosses  of  granite ;  and  on 
that  account  the  saving  clause  (just  alluded  to)  was  introduced  into 
our  Devonian  Paper. 

After  revising  the  evidence  during  the  past  summer,  I  now  think 
that  the  south-eastern  promontories  of  Cornwall  (such  as  the  Dod- 
man,  Nare  Head,  and  St.  Anthony's  Point)  are  exactly  the  spots 
where  we  ought  to  look  for  rocks  older  than  the  Plymouth  Group ; 
and  that  we  nave  at  present  no  good  reason  for  expecting  any  great 
expansion  of  older  rocks  in  the  central  parts  of  Cornwall.  For  this 
change  of  opinion  I  shall  give  some  reasons  in  the  sequel. 

If  the  slate-rocks  spread  out  along  the  N.W.  coast  of  Cornwall  be- 
long (as  above  stated)  to  the  Dartmouth  and  the  Petherwin  Groups, 
we  cannot,  it  may  be  said,  expect  any  great  development,  on  the 
north  side  of  the  granitic  axis,  of  rocks  as  old  as,  or  older  than  the 
Plymouth  Group.  While  making  this  remark,  I  wish  to  keep  in 
reserve  one  possible  exception.  There  is  a  great  spread  of  slate-rocks 
between  Bodmin  and  the  mouth  of  the  Padstow  Kiver,  and  the  sec- 
tions are  complicated.  The  peculiarity  of  these  sections  was  pointed 
out  to  me  by  Sir  H.  De  la  Beche  in  1836,  and  it  is  I  believe  on  his 
information  that  Sir  R.  I.  Murchison  has  conjectured,  that  some  old 
Silurian  rocks  may  have  been  elevated  into  the  sterile  ridges  called 
Pydar  Downs,  which  rise  a  few  miles  to  the  south  of  the  Padstow 
River,  nearly  on  a  line  drawn  from  Bodmin  to  Mawgan  Porth.  Now 
it  is  a  matter  of  fact  that  a  very  old  Devonian  group  with  many  fos- 
sils, collected  and  partly  described  by  Mr.  Giles*  and  Mr.  Peach f, 
exists  in  the  neighbourhood  of  Liskeard.  It  might  be  called  the 
Lower  Plymouth  Group ;  or  perhaps,  more  conveniently,  and  to 
avoid  ambiguity,  the  Liskeard  Group.  This  Liskeard  Group  is  pro- 
longed to  the  neighbourhood  of  Bodmin ;  but  in  many  places  in  that 

*  Trans.  R.  Geol.  Soc.  Cornwall,  1849,  p.  93,  and  1850,  p.  155. 
f  Loc.cit.  1849,  p.  103. 
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neighbourhood  the  rocks  are  so  mineralized  as  to  lose  all  distinctive 
characters.  If  the  slate-rocks  near  Bodmin  belong  to  a  very  old  part 
of  the  Devonian  system,  it  is  no  doubt  possible  that  the  coarse 

auartzites  of  Pydar  Downs  may  be  still  older :  but  I  did  not  visit 
hem  during  the  past  summer,  as  I  learnt  from  my  friend  Mr.  Whit- 
lev,  of  Truro,  that  he  had  examined  them  from  end  to  end,  without 
discovering  a  single  fossil ;  and  I  still  believe  them  to  be  Devonian. 

On  the  whole,  therefore,  after  the  excursions  of  the  past  summer, 
I  retain  the  same  opinion  of  the  age  and  grouping  of  the  slate-rocks  of 
Cornwall  that  I  had  in  the  year  1836,  with  the  very  limited  execution 
of  the  two  headlands  of  the  south  coast,  called  Nare  Head  and  the 
Dodman.  But  if  such  were  the  facts,  how  came  it  to  pass  that  the 
Devonian  system  was  not  at  once  established  by  Sir  R.  I.  Murchison 
and  myself  in  the  year  1836,  when  we  determined  the  great  culm- 
trough  of  North  Devon  to  be  Carboniferous  ?  The  reason  is  well 
known.  We  sent  a  good  series  of  the  fossils  of  the  Petherwin  and 
Barnstaple  Groups  to  London.  They  were  examined  and  named, 
and  every  species  was  called  Silurian.  How  this  mistake  originated 
I  do  not  now  inquire,  but  I  suspect  that  our  package  of  fossils  had 
been  misplaced,  or  mixed  with  fossils  of  an  older  age.  However  this 
may  be,  the  mistake  inflicted  on  me  the  labour  of  a  considerable  part 
of  two  summers.  During  a  portion  of  the  summers  of  1 837  and  1 838 
(in  the  hopes  of  clearing  away  this  difficulty,  and  never  for  a  single 
moment  suspecting  any  great  mistake  in  the  determination  of  the 
fossils  of  these  groups)  I  traversed  many  parts  of  Devon  and 
some  parts  of  Cornwall  again  and  again,  seeking  for  faults  where 
they  were  not  to  be  found,  and  for  anticlinal  and  synclinal  lines  where 
nature  had  never  formed  them ;  and  at  the  end  of  the  summer  of 
1838,  I  returned  with  the  conviction  that  the  first  section  of  Devon- 
shire, made  by  Sir  R.  T.  Murchison  and  myself  conjointly,  was  essen- 
tially right,  and  that  Cornwall  bore  the  same  relation  to  Devon  which 
I  had  supposed  on  my  return  from  that  county  in  1836.  Were 
then  the  sections  and  fossils  to  continue  in  a  permanent  contradiction 
to  one  another  ?  If  so,  the  Devonian  System  would  never  have  been 
heard  of ;  but  on  reexamining  the  fossils  in  1 838,  it  turned  out  that  all 
the  species  of  the  Barnstaple  Group  had  been  wrongly  named ;  and 
that  so  far  from  being  Silurian,  the  only  doubt  respecting  them  was, 
whether  they  might  not  be  called  Carboniferous  rather  than  Devonian. 
Thus  the  physical,  and  fossil  evidence  were  brought  into  harmony : 
and  I  may  add,  from  this  example,  that  no  good  classification  either 
of  subdivisions  or  systems,  or  of  subordinate  formations,  ever  can  be 
attempted  without  a  previous  determination  of  the  physical  groups. 
The  study  of  fossils,  based  on  ascertained  physical  groups,  may  pro- 
duce, and  often  does  produce,  some  modification  of  our  lines  of  de- 
marcation ;  but  the  evidence  of  sections  must  ever  remain  as  the 
primary  basis  of  geology.  When  a  system  has  been  well  made  out, 
and  its  groups  of  fossils  determined,  we  may  then  make  use  of  com- 
parative groups  of  fossils  freely,  and  with  very  small  risk  of  mistake. 
But  to  begin  with  fossils,  before  the  physical  groups  are  determined* 
and  through  them  to  establish  the  nomenclature  of  a  system,  would 
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be  to  invert  the  whole  logic  of  geology,  and  could  produce  nothing 
but  confusion  and  incongruity  of  language. 

Soon  after  the  publication  of  the  paper  on  the  Devonian  System 
by  Sir  R.  I.  Murchison  and  myself,  Mr.  Griffith  re-examined  some 
large  deposits  in  the  South  of  Ireland,  finally  separated  them  from 
the  older  rocks,  and,  on  the  evidence  of  their  fossils,  determined  by 
Professor  M'Coy,  arranged  them  with  the  Carboniferous  System, 
giving  them  the  name  of  Carboniferous  Slates.  At  the  same  time 
he  stated  that  many  of  the  fossils  in  the  "  carboniferous  slates  "  were 
identical  with  the  species  found  in  the  highest  Devonian  Groups — 
those  of  Petherwin  and  Barnstaple.  Since  that  time  doubts  have  been 
entertained  respecting  the  line  of  demarcation  between  the  Devonian 
and  Carboniferous  systems ;  nor  have  these  doubts  been  invalidated, 
but  rather  confirmed,  by  the  excellent  and  copious  lists  of  fossils  pub- 
lished and  described  by  Prof.  Phillips.  I  rejoiced,  therefore,  in  having, 
during  the  past  summer,  the  assistance  of  Prof.  M'Coy  in  examining 
the  quarries  near  Petherwin  and  the  sections  immediately  north  of 
Barnstaple  ;  and  I  will  endeavour  to  give  some  of  the  results  of  this 
examination  in  a  very  condensed  form. 

Petherwin  Quarries. — Here  were  found  two  species  of  Trilobites 
of  the  genus  Portlockia,  viz.  P.  latifrons,  Bronn,  and  P.  granu- 
lata,  Minister.  The  same  genus  occurs  at  Croyde  Bay,  N.W.  of 
Barnstaple,  and  it  is  found  in  the  Eifel  country.  Taken  by  itself,  it 
would  be  considered  Devonian ;  for  the  Carboniferous  genera  have 
hitherto  been  confined  to  Phillipsia  and  Grijfifhides,  M'Coy.  The 
genus  Clymenia,  which  I  first  saw  in  1836,  is  very  abundant  near 
Petherwin,  especially  in  the  old  Lanlake  quarry.  Phillips  gives  seven 
species  from  this  locality*.  Through  the  kindness  of  Mr.  Pattison 
we  are  enabled  to  add  to  this  list  one  of  Monster's  species  (C.  bisuU 
cata)9  and  three  others  that  are  new,  viz.  Clymenia  Pattisoni,  C.  qua- 
drifera,  and  C.  Mdnsteri,  M'Coyf.  We  found  also  Producta  sub- 
aculeata,  Murch.,  a  true  carboniferous-slate  fossil.  Near  this  quarry 
I  also  found  in  1836,  close  to  the  overlying  black  culm-slates,  innu- 
merable examples  of  a  small  Bivalve,  the  Sanguinolaria  elliptica, 
Phillips.  This  species  is  also  found  in  very  deep  denudations  near 
Yeolm  Bridge,  and  at  Underwood  Farm,  several  miles  within  the 
south  boundary  of  the  culm-measures.  In  these  places,  which  have 
been  described  by  Mr.  Pattison  J,  all  the  overlying  culm-shales  have 
been  swept  away ;  and  the  Petherwin  Group,  abounding  in  fossils, 
has  been  brought  to  the  denuded  surface  in  the  form  of  a  saddle. 
For  many  other  species  of  the  Petherwin  fossils  I  must  refer  to  the 
copious  fist  given  by  Phillips  §. 

Baggy  Point,  Marwood,  Barnstaple,  fyc. — At  Baggy  Point  we 

*  See  Paleozoic  Fossils  of  Devon,  Cornwall,  and  W.  Somerset,  1841,  p.  124. 

f  See  "  Description  of  the  Paleozoic  Fossils  in  the  Cambridge  Museum,"  4to,  bv 
Prof.  M'Coy,  forming  Part  II.  of  the  "  Synopsis  of  the  Classification  of  the  British 
Paleozoic  Rocks,  by  Prof.  Sedgwick."  The  first  "  Fasciculus  "  of  Part  II.  has  ap- 
peared, the  second  is  in  the  press. 

X  See  Trans.  R.  Gcol.  Soc.  Cornwall,  vol.  viL  p.  64. 

§  Op.  cit.  Synopsis,  p.  142  et  teq. 
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found  all  the  species  of  Cucullaa,  so-called,  and  the  specimens  are 
there  quite  as  abundant  as  at  Marwood.  It  is  the  Dolabra  of  M'Coy  ; 
and  several  of  the  species  are  found  in  the  "  yellow  sandstone  "  of 
Ireland.  Mineralogically  indeed,  as  well  as  zoologically,  the  Baggy 
Point  sandstone  agrees  very  closely  with  the  Irish  "yellow  sandstone. ' 
Alone  with  the  Dolabra  was  a  new  species  of  LeptocUmus,  L.  mica- 
tus,  M'Coy.  Under  the  Dolabra  of  Marwood  we  found  several 
specimens  of  the  Aapidaria  of  Homer,  a  true  Carboniferous  fossil ; 
and  it  would  appear  from  the  statements  of  the  late  Mr.  Williams, 
that  Vegetable  fossils  are  not  rare  in  the  Marwood  Group. 

It  would  be  idle  to  detain  the  reader,  in  such  an  outline  as  this, 
with  any  account  of  the  fine  examples  of  an  oblique  slaty  cleavage  in 
Croyde  Bay,  of  the  calcareous  concretions,  and  of  the  numerous  fossils 
between  Marwood  and  Barnstaple.  Copious  lists  may  be  selected  from 
Phillips*. 

Mr.  Griffith's  original  statement  of  the  very  near  agreement  of  the 
Carboniferous  slate  of  Ireland  with  the  groups  just  noticed  is  com- 
pletely confirmed  by  what  we  saw  this  summer  ;  and  that  the  "  car- 
ooniferous  slate  "  is  an  integral  portion  of  the  Carboniferous  series  of 
Ireland  appears  now  to  admit  of  no  doubt. 

The  black  shales,  which  underlie  the  culm-limestone  on  both  sides 
of  the  great  culm-trough  of  Devon,  are  of  great  thickness,  sometimes 
contain  (as  we  learnt  from  the  collection  of  Mr.  Pattison)  the  com- 
mon Pondonia  of  the  culm-limestone,  and  form  an  excellent  and  well- 
defined  physical  base  to  the  whole  culm-series.  But  below  them 
there  is,  in  the  Petherwin  and  Barnstaple  Groups,  a  very  great  phy- 
sical as  well  as  paheontological  change.  Physically  at  least,  the 
Petherwin  Group  is  far  more  nearly  connected  with  the  Devonian, 
than  with  the  Carboniferous  groups.  On  the  contrary,  it  appears  to 
admit  of  no  doubt  that  the  Petherwin  and  Barnstaple  Groups  are 
zoologically  more  nearly  connected  with  the  Carboniferous  than  with 
the  Devonian  groups.  Prof.  Phillips  f  states  that  Mr.  Gilbertson 
had  obtained  a  specimen  of  Cfymenia  from  the  Mountain-limestone 
of  Ireland ;  but  it  deserves  remark,  that,  considerably  before  the  time 
alluded  to,  Count  Munster  had  obtained  a  Clymenia  from  the  Car- 
boniferous rocks  of  Ireland.  So  far  as  this  evidence  goes,  it  seems 
to  prove  that  the  Petherwin  Group  ought  rather  to  be  classed  with 
the  Culmiferous  series  than  with  the  Devonian.  On  the  other 
hand,  several  of  the  facts  stated  bv  Count  Munster  seem  to  prove 
that  the  Clymenia-groups  of  the  Fichtelgebirge  are  Devonian  rather 
than  Carboniferous.  While  this  kind  of  evidence  is  in  conflict,  I 
would  retain  the  good  physical  base-line  of  the  culm-series,  nearly  as 
it  was  laid  down  by  Sir  R.  I.  Murchison  and  myself;  and  in  doing 
this  I  have  the  entire  concurrence  of  Prof.  M'Coy.  Were  I,  how- 
ever, to  colour  geologically  the  maps  of  Devonshire  and  Cornwall,  I 
should  give  an  intermediate  tint  to  the  groups  here  noticed,  in  order 
to  mark  their  true  place  in  the  series,  and  their  very  near  connexion 
with  the  overlying  Carboniferous  groups. 

So  far  I  have  been  reviewing  a  series  of  facts  that  have  often  been 
•Op.cti.  f  Palcosoac  Fouut,  p.  124. 
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discussed  before,  and  have  been  illustrated  not  only  by  several  distinct 
memoirs*,  but  by  the  two  excellent  and  very  elaborate  volumes 
published  by  Sir  H.  De  la  Beche  and  Professor  Phillipsf ;  I  must  now 
shortly  notice  the  more  recent  discoveries  of  Mr.  Peach,  and  of  some 
other  good  Cornish  observers.  In  general  we  have,  both  in  Cornwall 
and  Devonshire,  a  considerable  approach  to  symmetry  in  the  positions 
of  the  great  mineral  masses.  For  example  (not  to  mention  three  or 
four  minor  protruded  granitic  masses)  we  have  in  these  counties  five 
great  bosses  of  granite ;  and  as  a  general  rule  the  immediately  sur- 
rounding slate-rocks,  whatever  be  their  age,  dip  from  the  protruding 
granite  in  a  symmetrical  form.  In  the  southern  parts  of  Cornwall  the 
mineral  axis,  defined  by  a  line  drawn  through  the  several  centres  of 
the  greatest  bosses  of  granite,  strikes  in  a  direction  about  N.E.  by  £. ; 
but  m  the  northern  part  of  Cornwall,  and  in  Devonshire,  the  mineral 
axis,  defined  in  the  above  manner,  strikes  nearly  east  and  west.  It  is 
also  true,  that  in  both  counties,  when  we  are  removed  from  the  im- 
mediate disturbing  influence  of  the  granite,  the  slaty  masses  have  a 
strike  approximative^  parallel  to  the  two  directions  just  indicated. 

The  great  mass  of  granite  that  forms  the  moors  north  of  St.  Austell 
has  broken  through  the  slate-rocks  not  far  from  the  point  where  the 
granitic  axis  of  Devonshire  and  Cornwall  has  been  bent,  or  perhaps 
broken.  Some  great  disturbing  forces  have  modified  the  symmetry 
of  this  part  of  Cornwall,  affecting,  I  believe,  the  whole  transverse  sec- 
tion of  the  country  from  the  headlands  near  Fowey  to  the  headlands 
south  of  Padstow.  However  this  may  be,  there  is  an  unusual  want 
of  symmetry  in  the  position  of  the  rocks  south  of  the  St.  Austell 
granite.  In  the  great  open  mine-work  of  Carglaze,  about  two  miles 
N.E).  of  St.  Austell,  we  find  a  very  remarkable,  veined  schorlaceous 
granite.  On  it  repose  the  slate-rocks  (or  killas),  in  the  usual  symmetry 
and  conformity  to  its  surface ;  and  near  their  base  they  show  such 
beautiful  laminations  of  schorl  and  earthy  feldspar,  that  one  formation 
seems  to  pass  almost  insensibly  into  the  other.  When  I  first  saw 
this  phenomenon  in  1819, 1  thought,  what  I  by  no  means  think  now, 
that  it  almost  proved  the  truth  of  the  Wernerian  hypothesis}:.  Here 
then  we  have  the  usual  collocation  of  the  slate-rocks. 

If,  however,  we  continue  our  examination  of  the  line  of  junction 
near  St.  Austell,  we  find  the  killas  penetrated  by  elvans,  traversed  by 
mineral  veins,  and  presenting  that  semi-metamorphic  structure  so 
commonly  seen  near  the  granite;  and  some  of  the  great  mineral 
masses,  instead  of  rising  towards  the  steep  granitic  hills,  appear  to 

*  Especially  the  following:— "On  the  Physical  Structure  of  Devonshire,"  by  Prof. 
Sedgwick  and  R.  I.  Murchison,  Trans.  Geol.  Soc.  N.  S.  vol.  v.  p.  633.  "  Notes  on 
the  Age  of  the  Limestones  of  South  Devonshire,"  by  W.  Lonsdale,  op.  tit.  vol.  v. 
p.  721.  This  memoir  contains  an  elaborate  and  critical  enumeration  of  papers  and 
works  referring  to  the  subject.  44  On  the  Geology  of  the  South-east  of  Devonshire," 
by  R.  A.  C.  Austen,  op.  tit.  vol.  vi.  p.  433.  See  also  the  Transactions  of  the  Royal 
Geological  Society  of  CornwalL 

t  Report  on  the  Geology  of  Cornwall,  Devon,  and  West  Somerset.  8vo,  London, 
1839 ;  and  Figures  and  Descriptions  of  the  Palaeozoic  Fossils  of  Cornwall,  Devon, 
and  West  Somerset.  8vo,  London,  1841. 

%  See  Trans.  Cambridge  Phil  Soc  vol.  i.  p.  108. 
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dip  towards  or  under  them.  Farther  south,  and  along  the  western 
shore  of  St.  Austell  Bay,  we  find  several  elvan-dykes,  one  appearing 
to  branch  off  like  a  granite-vein, — another  containing  fragments  of  the 
killas,  through  which  it  has  broken  its  way  to  the  surface.  The 
whole  section,  as  far  as  the  Dodman,  indicates  the  action  of  more 
than  one  great  disturbing  force.  There  was  an  elevating  force  pro- 
truding the  St.  Austell  granite ;  and,  if  I  interpret  the  phenomena 
correctly,  there  was  a  contemporaneous  elevating  force,  acting  from 
the  south ;  and  between  these  two  forces,  the  beds,  now  spread  over 
the  surface  from  the  St.  Austell  granite  to  the  Dodman  and  Nare 
Head,  were  broken,  contorted,  and  placed  in  their  present  disturbed 
position.    With  these  preliminary  remarks  I  proceed  to  notice  the 

Ehsenomena  presented  by  the  rocks  which  descend  towards  these  two 
eadlands. 

A  few  fossils  have  been  found  on  the  west  side  of  St.  Austell  Bay ; 
we  believe  them  to  be  Devonian  ;  and  we  do  not  think  it  possible  to 
interpolate  any  rocks  of  an  older  epoch  in  this  part  of  the  section ;  and 
we  apply  the  same  remark  to  a  large  group  of  rocks,  which  range 
through  the  interior  of  the  country  from  the  N.W.  side  of  St.  Austell 
Bay  to  Very  an.  Starting  with  this  assumption,  we  began  our  exami- 
nation of  the  coast  between  Gerrans  Bay  and  Gorran  Haven,  under 
the  guidance  of  our  friend  Mr.  Whitley,  of  Truro.  Our  work  com- 
menced in  Gerrans  Bay ;  and  near  the  road  leading  from  the  sea-shore 
to  the  village  of  Veryan  we  found  one  of  those  numerous  raised  beaches 
which  are  met  with  alone  the  Cornish  coast. 

The  prevailing  rock  along  the  north-eastern  part  of  the  bay  was 
a  bluish-grey  slate  (killas),  much  penetrated,  here  and  there,  by  quartx- 
veins,  and  puckered  and  contorted  in  its  subordinate  parts,  but  on  the 
whole  dipping  steadily  to  a  point  about  10°  east  of  magnetic  S. 
at  an  angle  of  40°.  To  the  north  of  this  group,  on  the  road  towards 
Veryan,  the  beds  are  still  more  puckered,  more  highly  inclined,  and 
contain  concretionary  masses,  and  thin  bands  of  limestone.  But 
neither  among  these  beds,  nor  at  Veryan,  did  we  find  a  single  fossil. 
Their  prevailing  strike  is  1 5°  or  20°  east  of  true  N.,  and  the  dip  as 
before  is  constantly  to  the  S.E.  side. 

Returning  to  the  section  along  the  eastern  shore  of  the  bay  the 
blue  killas  is  followed,  to  all  appearance,  in  ascending  order  by  a 
coarser  arenaceous  grevwacke*,  sometimes  very  ferruginous  and  de- 
composing ;  and  here  and  there  it  is  associated  with  a  flaky  conglo- 
merate, exactly  like  many  of  the  conglomerates  commonly  found  in 
North  Wales  and  Cumberland  among  the  oldest  slates.  *  Over  the 
preceding  rocks  comes  a  remarkable,  white  quartzite,  30  or  40  feet 
thick,  dipping  nearly  S.E.,  and  the  quartzite  is  overlaid  in  its  turn  by 
earthy  and  ferruginous  slates,  by  conglomerates  almost  passing  into 
trap-shale  (or  tckaaUt tin) >  and  by  very  ferruginous  beds  of  trap.  Of 
rocKB  like  these  there  are  several  alternations,  to  the  extreme  head- 
land, which  prove  that  the  trappean  and  aqueous  rocks  were  con- 
temporaneous ;  and  they  preserve  the  same  south-eastern  dip  to  the 


mineralogically,  have,  perhaps,  an  older  look  than  the  ordinary 


described,  when  considered 
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Cornish  killas,  but  this  fact  is  considered  of  no  great  importance. 
Considered  with  reference  to  the  section,  they  seem  to  be  the  newest 
rocks  of  the  coast.  The  section  is  to  all  appearance  an  ascending 
section ;  and  we  discovered  no  trace  in  the  cliffs  of  any  fault  or  break 
of  continuity ;  still  less  did  we  find  any  apparent  axis  of  elevation  to 
explain  the  appearance  of  a  group  older  than  the  common  Devonian 
rocks.  But  the  very  rocks  above-described  strike  through  the 
country  towards  the  N.E.  and  come  down  to  the  coast  a  few  miles 
N.  of  the  Dodman,  near  Gorran  Haven ;  and  in  course  of  their  range 
several  Cambrian  fossils  have  been  discovered  in  them  by  Mr.  Peach. 
The  true  position  of  these  beds  is,  therefore,  important ;  and  in  con- 
firmation of  what  has  been  just  stated,  I  subjoin  a  section,  by  my 
friend  Mr.  Whitley,  through  the  same  series  of  rocks  to  a  point  on 
the  coast  a  little  east  of  Nare  Head.    (See  fig.  1,  p.  12.) 

In  this  section,  the  most  northern  portion  seems  exactly  to  repre- 
sent the  beds  at  the  head  of  Gerrans  Bay.  The  beds  from  the  schistose 
sandstone  and  quartzite  to  the  end  of  the  section  are  but  a  repetition 
of  the  beds  to  the  south  of  the  great  quartzite-band,  which  are  seen 
on  the  eastern  coast  of  the  bay  above-described :  nor  have  we  here 
any  fault  or  break  of  continuity ;  and  the  overlying  rocks,  near  the 
sea  cliff,  seem  to  be  the  newest  strata  in  Mr.  Whitley's  section. 

Leaving  the  sections  near  Nare  Head  (and  taking  no  further  note 
of  many  interesting  pheenomena,  such  as  the  protrusion  of  a  boss  of 
serpentine  on  the  east  side  of  the  headland),  we  passed  along  the 
coast  of  Veryan  Bay,  and  found  at  Porth  Caerhays  a  coarse  brown 
greywacke',  alternating  with  thick  beds  and  masses  of  conglomerate. 
Some  of  the  conglomerates  were  coarse  and  contained  pebbles  and 
concretions  of  limestone ;  others  were  of  finer  texture,  and,  in  some 
parts  of  the  cliff,  passed  into  coarse  slate,  and  in  others,  into  trap- 
shale.  Altogether  the  group  nearly  resembled  some  rocks  we  had 
left  behind ;  the  whole  cliff  was  highly  ferruginous,  and  the  dip  was 
nearly  in  the  same  direction  as  before. 

From  Caerhays  we  passed  across  the  headland  to  Gorran  Haven, 
which  is  to  the  south  of  the  remarkable  quartzite-band  above  noticed. 
The  quartzite-band  reaches  a  high  part  of  the  cliff  called  the  Great 
Cam,  and  a  little  further  north  is  a  cliff  called  the  Great  Peraver. 
The  dip  of  the  beds  is  steadily  towards  a  point  about  south-east  bv 
south,  and  at  a  high  angle ;  and  the  same,  or  nearly  the  same  dip  is 
continued  towards  the  Dodman.  Hence  we  might  be  led  to  con- 
clude (as  indeed  I  had  done  myself  during  a  former  visit  in  1836) 
that  the  rocks  between  Great  Peraver  and  the  Dodman  were  the 
newest  in  that  part  of  the  Cornish  coast.  (See  the  south  end  of  Section, 
fig.  2,  p.  12.) 

On  the  south*  side  of  Gorran  Haven  are  alternations  of  finely  lami- 
nated slates  with  a  ferruginous  gritstone ;  and  the  beds  are  frequently 
disturbed  and  puckered,  but  have  an  average  dip  about  magnetic  south, 
at  an  angle  of  60°  or  65°.  On  the  north  side  are  seen  some  beds  of 
coarse  greywacke',  of  fine  glossy  dark  slates,  penetrated  by  innume- 
rable quartz-veins,  also  of  some  singular  concretionary  masses,  and 
conglomerates.    Fossils  have  been  found  in  the  more  calcareous  por- 
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tions  of  these  rocks.  The  quartzite  of  the  Cam  retains  its  usual  struc- 
ture, and  contains  fossils.  Farther  north,  from  under  the  rocks  of  the 
Cam,  rises  a  series  of  brownish  ferruginous  grits  and  coarse  slates, 
like  those  under  the  quartzite  of  Gerrans  Bay ;  and  these  grits  at 
Great  Peraver  also  contain  many  fossils. 
*  A  single  day's  excursion  round  the  headlands  above-noticed,  com- 
mencing at  Truro  and  ending  at  St.  Austell,  and  made  during  very 
nnpropitious  weather,  could  not  lead  to  the  discovery  of  many  fossils. 
But  in  the  Museums  of  Penzance  and  Truro  we  had  seen  a  good 
collection,  made  with  great  labour,  chiefly  by  Mr.  Peach,  from  the 
rocks  I  have  just  noticed ;  and  I  subjoin  the  following  list,  from 
the  species  now  deposited  in  those  museums,  with  a  reference  to 
the  places  where  the  several  species  were  found. 
From  Great  Peraver  north  of  Gorran  Haven : — 

Orthis  elegantula,  Balm. ;  rare. 

 parva,  Pander ;  very  abundant. 

 calligramma?  Dalm. 

 turgida,  M'Coy  ;  very  abundant. 

 flabellulum,  Sow. ;  very  abundant. 

Calymene  brevicapitata,  Port  lock. 

 parvifrons  ?  Salter. 

Homalonotus  bisulcatus,  Salter. 

From  the  quartzite  of  the  Great  Cam  : — 

Orthis  testudinaria,  Dalm. ;  abundant. 

 retrorsistria,  M'Coy ;  abundant ;  plentiful  also  in  a 

part  of  the  Bala  group. 

Near  Porth  Caerhays ; — 

Orthis  grandis  ?  Sowerby  ;  a  Bala  species. 
Cycloceras  ,  a  species  like  one  in  the  Wrae  Lime- 
stone, Upper  Tweed. 

All  the  above  species  (with  the  locality  of  each  specimen  carefully 
recorded)  are  placed  in  the  museum  at  Penzance,  and  were  carefully 
examined  by  Prof.  M'Coy,  kindly  assisted  by  Mr.  Crouch,  the 
Honorary  Secretary  of  the  Cornish  Geological  Society  ;  and,  with  a 
like  kind  assistance  from  Dr.  Barham  and  Mr.  Whitley,  we  found 
several  duplicate  specimens  of  the  same  species,  and  from  the  same 
localities,  in  the  museum  at  Truro.  Specific  names  were  not  affixed 
to  many  of  the  specimens,  and  for  the  previous  list  I  rest  entirely  on 
the  authority  of  Prof.  M'Coy. 

From  the  above  list  (I  believe  in  near  accordance  with  one  lately 
given  by  Sir  R.  I.  Murcnison*),  it  is  obvious  that  a  large  group  of  beds 
with  fossils  of  the  Cambrian  (Lower  Silurian)  age  exists  along  the 
line  of  coast  above  described.  But  from  the  previous  descriptions, 
and  from  Mr.  Whitley's  section,  fig.  1,  the  group  appears  to  overlie 
the  calcareous  slates  of  Veryan,  which  we  suppose  to  be  Devonian. 
In  like  manner,  if  we  examine  the  coast-section  from  the  head  of  St. 
Austell  Bay  to  the  Dodman,  we  find  the  fossiliferous  group  between 
Peraver  and  Gorran  Haven  in  what  appears  to  be  a  high  part  of  the 
*  Tram.  R.  GeoL  Soc  Cornwall,  he.  cit.  p.  321. 
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series.  A  detailed  section  of  the  whole  coast,  from  the  head  of  St. 
Austell  Bay  to  the  Dodman,  might  perhaps  throw  some  new  light  on 
the  questions  I  am  here  discussing ;  and  such  a  section  I  hope  to 
receive  from  my  friend  Mr.  Whitley.  Meanwhile  the  following  notes, 
with  the  accompanying  outline-sketch  of  the  succession  of  phenomena 
seen  to  the  south  of  St.  Austell*,  are  the  best  evidence  I  have  to  offer. 

Near  St.  Austell,  and  thence  down  to  Pentuan,  the  prevailing  dip 
is  towards  the  north,  and  the  highly  mineralized  beds  do  not  appear 
to  hang  from,  but  generally  towards,  the  granite  (see  fig.  2).  From 
Pentuan  to  Mevagissey  there  is  the  same  prevailing  northern  dip.  In 
Mevagissey  Harbour  the  slate-rocks  are  nearly  perpendicular,  with 
breaks  and  shifts  of  strike,  indicating  faults ;  but  on  the  south  side  of 
the  harbour  the  dip  is  steadily  Magnetic  North,  at  a  great  angle 
(about  80°).  This  northern  dip  (interrupted  by  two  undulations) 
prevails  towards  Porth  Mellion.  On  the  north  side  of  the  Porth  the 
beds  dip  Magnetic  North,  at  a  very  high  angle.  At  the  Haven  Head 
the  rocks  are  perpendicular,  and  seem  to  belong  to  the  pommel  of 
a  broken  saddle.  On  the  south  side  of  Porth  Mellion  the  dip  is 
nearly  Magnetic  South,  and  at  a  high  angle.  From  this  part  of  the 
coast  there  is  a  prevailing  southern  dip,  and  generally  at  a  nigh  angle, 
as  far  as  the  extreme  point  of  the  Dodman.  South  of  Porth  Mel- 
lion there  are,  however,  two  changes  of  dip,  and  the  anticlinal  and 
synclinal  lines  are  marked  by  the  presence  of  fractures  and  innume- 
rable quartz-veins.  Both  of  these  changes  come  in  between  the 
Porth  and  the  farthest  low  headland  that  is  seen  from  it  towards  the 
south-east. 

All  along  the  coast,  from  Pentuan  as  far  as  this  low  headland,  the 
rocks  have  nothing  peculiar  in  their  structure  to  indicate  an  age  dif- 
fering from  that  of  the  best-known  Devonian  rocks  of  Cornwall ;  but 
at  this  headland  the  beds  become  coarse  and  sandy,  like  the  beds 
which  underlie  the  quartzite  in  Gerrans  Bay ;  and  beds  of  like  kind, 
striking  at  a  high  angle,  and  with  a  steady  dip  towards  the  south,  are 
carried  under  the  quartzite  of  the  Great  Cam.  And  thus  we  are  con- 
ducted to  the  fossiliferous  group  between  Peraver  and  Gorran  Haven. 

Beyond  Gorran  Haven  the  southern  dip  continues ;  but  the  lines 
at  the  south  end  of  the  accompanying  sketch,  fig.  2,  are  put  in  from 
memory,  as  I  have  not  visited  the  coast  south  of  Gorran  Haven  since 
1836. 

Such  are  the  facts  (so  far  as  I  can  pretend  to  have  observed  them), 
presented  by  a  very  perplexing  part  of  the  Cornish  coast.  There  is, 
we  believe,  no  trace  whatsoever  of  any  great  anticlinal  axis,  bringing 
up  a  series  of  older  rocks  among  the  newer  Devonian  slates  of  the 
country ;  and  we  cannot  regard  it  as  a  reasonable  hypothesis,  to  sup- 
pose that  such  a  group  of  fossils,  as  has  been  given  above,  can  be- 
long to  a  true  Devonian  System,  in  the  sense  in  which  these  words 
were  first  used  by  Sir  R.  I.  Murchison  and  myself. 

To  explain  the  difficulty  three  hypotheses  suggest  themselves  for 
consideration. 

•  See  also  Tr.  (foot  Soc.  N.  S.  voL  v.  p.  666,  and  GeoL  Rep.  Cornwall,  Ac, 
pi.  2.  f.  3  (S.  end  of  Section). 
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1.  It  might  be  supposed  probable  that  the  rocks  on  both  sides  of 
the  granitic  axis,  between  the  Land's  End  and  St.  Stephen's  Moor, 
near  St.  Austell,  belonged  to  an  older  system  than  the  corresponding 
rocks -in  the  other  parts  of  the  county:  and  I  have  already  noticed 
the  difficulty  presented  by  the  sections  along  a  line  drawn  from  St. 
Austell  Bay  to  the  north  coast.  I  do  not,  however,  believe  that  this 
hypothesis  is  at  all  probable ;  but  it  ought  to  be  tested  by  a  severe 
examination  of  all  the  sections  between  Truro  and  Falmouth,  and  in 
all  the  southern  parts  of  the  county,  where  the  condition  of  the  rocks 
offers  any  chance  of  discovering  fossils.  It  had  been  stated  that  Mr. 
Peach  found  Graptolites  at  Black  Head,  a  few  miles  south  of  St. 
Austell.  On  examining  the  specimens  of  the  supposed  Graptolites, 
in  the  museums  of  Penzance  and  Truro,  Prof.  M'Coy  found  that  they 
had  been  wrongly  named.  They  belong  to  a  new  species  of  Cladocho- 
nvs,  which  is  a  Coral  of  a  Carboniferous  genus  *  :  and  at  Pridmouth, 
near  Menabilly,  on  the  opposite  side  of  St.  Austell  Bay,  the  same 
species  of  Cladochonus  is  found  amongst  many  undoubted  Devonian 
species  which  we  collected  on  the  spot. 

2.  The  second  and  more  probable  hypothesis  is,  that  a  great  fault, 
with  an  upcast  towards  the  south,  has  brought  the  fossiliferous  group 
above  described  into  its  present  relative  position  among  the  Cornish 
rocks.  We  looked  in  vain  for  the  traces  of  such  a  fault  in  Gerrans 
Bay.  In  a  valley  about  half  a  mile  north  of  Great  Carn  (fig.  2)  we 
at  first  supposed  that  we  had  discovered  the  line  of  fault ;  but  this 
opinion  was  not  based  on  any  adequate  evidence ;  and  the  settlement 
of  this  point  must  be  left  to  future  observers. 

3.  Lastly,  among  beds  so  highly  inclined  and  contorted  as  those  in 
the  cliffs  south  of  St.  Austell,  it  is  neither  impossible  nor  improbable 
that  the  southern  parts  of  the  section  may  be  presented  to  us  in  an 
inverted  position.  Extensive  cases  of  inverted  sections  are  now 
familiar  to  all  geologists,  and  at  present  I  am  inclined  to  adopt  this 
hypothesis  (not,  however,  without  much  hesitation)  as  perhaps  more 
probable  than  the  former. 

The  above-noticed  irregularity  of  position  between  the  slaty  masses 
and  the  granites  is  also  seen  on  the  east  side  of  St.  Austell  Bay.  From 
the  head  of  the  bay,  towards  Lostwithiel,  the  beds  skirting  the  granite 
are  mineralized  and  penetrated  by  innumerable  veins  ;  and  (on  the 
evidence  obtained  during  a  former  year)  I  believe  that  one  or  two 
very  great  faults  range  up  the  country  towards  Lostwithiel.  If  we  quit 
the  mineralized  district,  and  descend  towards  Gribben  Head,  we  find 
a  prevailing  dip  towards  the  north  :  but  at  a  point  of  the  coast  about 
a  mile  south-west  of  Fowey,  there  is  an  anticlinal  axis  striking  across 
the  headland ;  so  that  the  dip  of  the  beds  at  Gribben  Head  is  nearly 
south-east,  and  at  a  high  angle.  Numerous  fossils  have  been  found 
on  the  coast  between  Fowey  and  Gribben  Head.  From  one  single 
quarry  we  collected  about  a  dozen  species,  all  of  which  were  Devonian 
without  any  admixture  of  Silurian  or  Cambrian  types.  Among  the 
Devonian  species  of  this  part  of  the  coast  may  be  mentioned  the  Port- 
lochia  latifrons,  Bronn,  sp. 

*  Pal.  Fom.  Cambr.  Mm.  part  2,  fasc.  1,  p.  84. 
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The  same  prevailing  northerly  dip  is  seen  on  both  sides  of  the  Fowey 
River,  and  is  continued  along  the  coast  to  the  headland  on  the  south- 
west side  of  the  Looe  River.  A  highly  fossiliferous  series  of  beds, 
striking  nearly  east  and  west,  occupies  an  irregular  trough,  the  south 
side  of  which  is  represented  by  the  cliffs  between  Fowey  and  Looe. 
We  think  that  the  confusion  of  the  Cornish  sections  which  we  re- 
marked near  St.  Austell  is  extended  to  Looe,  where  there  is  a  great 
north  and  south  break,  beyond  which  the  position  of  the  slate-rocks 
is  less  disturbed ;  so  that  a  section  made  from  the  granites  near  St. 
Cleer,  through  Liskeard,  and  thence  down  to  the  coast  on  the  east 
side  of  the  Looe  River,  seems  to  present  an  ascending  series,  as  re- 
gular as  the  ascending  series  we  meet  with  in  Devonshire,  between 
Dartmoor  and  the  south  coast  of  that  county  near  Plymouth  Sound. 

In  the  'Transactions  of  the  Geological  Society  of  Cornwall *  are  some 
interesting  notices  of  the  fossils  found  near  this  part  of  the  coast*. 
Through  the  kindness  of  Mr.  Box  and  Mr.  Hicks  of  Looe,  and  Mr. 
Giles  of  Liskeard,  a  very  fine  series  of  specimens  was  submitted  to 
Prof.  M'Coy,  and  he  hesitated  not  to  pronounce  them  all  Devonian. 
There  was  not  one  characteristic  Upper  Silurian  species  among  them. 
We  also  procured  from  Mr.  Lochnn  (one  of  the  Coast-guard,  who  is 
a  good  naturalist  and  an  intrepid  collector,  treading  in  the  steps  of 
Mr.  Peach)  several  good  specimens  from  the  so-called  fish-beds  which 
range  from  Fowey,  through  Lantivet  Bay  and  Polperro,  to  Looe.  The 
supposed  Fishes  f  are  Sponges  of  the  genus  Steganodictyunt,  M'Coy, 
which  have  been  figured  and  described,  and  will  appear  in  the  next 
'  Cambridge  Fasciculus.'  One  or  two  other  species,  which  are  new, 
will  also  appear  in  that  forthcoming  work.  Bellerophon  bisulcatus 
(erroneously  marked  as  a  Silurian  species  in  some  of  the  collections) 
abounds  in  this  part  of  the  series.  It  is  a  true  Devonian  fossil  J.  In  a 
sketch  like  the  present  it  is  impossible  for  me  to  dwell  on  the  mineral 
structure  of  the  several  groups ;  but  I  may  just  allude  to  some  very 
singular  beds  of  green  and  reddish  slates,  alternating  with  hard  quart- 
zose  beds,  which  appear  on  the  coast  near  Looe.  They  are  overlaid, 
in  the  trough  above-indicated,  by  the  softer  Devonian  slates,  which 
in  some  places  are  calcareous,  and  abound,  here  and  there,  with  fossils. 

The  new  roads,  cut  through  the  Devonian  slates  north  of  Looe, 

r've  many  instructive  sections,  which  were  not  visible  in  1836,  when 
followed  the  general  strike  of  the  beds  from  the  neighbourhood  of 
Plymouth  to  this  part  of  the  coast.  In  the  cliff  at  East  Looe 
the  dip  is  about  30*  East  of  true  South,  at  an  angle  of  40°.  The 
beds  in  the  cliff  are  composed  of  hard  quartzose  bands,  alternating 
with  calcareous  slates,  in  which  we  may  often  see  earthy  and  cellular 
lines,  that  mark  the  presence  of  numerous  fossils.  Following  the 
course  of  the  river  to  the  north  of  Looe  we  found  a  large,  half-con- 
eretionary  mass  of  limestone,  which  reminded  us  of  the  similar  masses 
(provinaally  called  junks)  which  are  so  commonly  found  among  the 

*  See  voL  vL  pp.  147,  220, 276,  Ac 

f  See  Trans,  ueol.  Soc  Cornwall,  voL  vi.  pp.  29, 79,  and  319,  and  voL  vii.  p.  17 
ft       p.  57,  &c  and  pL  1  and  2. 

X  See  Romer;  Vent.  Harta-Gebirg.  tab.  9.  flg.  1. 
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slates  of  Devonshire.  Again,  in  a  quarry  by  the  road-side  at  Common 
Wood,  a  little  further  north,  fossils  are  extremely  abundant.  Perhaps 
no  large  portion  of  these  Devonian  slates  is  entirely  devoid  of  fossils ; 
but  they  abound  most  on  certain  lines  along  which  are  found  streaks 
or  masses  of  limestone ;  which,  I  may  remark,  seldom  burns  into  white 
lime,  and  appears  in  several  cases  to  be  magnesian.  Many  of  these 
junks  of  limestone  have  been  laid  down  by  Sir  H.  De  la  Beche,  and 
many  more  may  hereafter  be  discovered.  Our  friend  Mr.  Box  in- 
formed us  that  he  had  found  masses  of  limestones,  similar  to  those 
above  noticed,  at  the  following  places  between  the  Looe  River  and  the 
Hamoaze,  viz.  Shuttleback,  Common  Wood,  Treloy,  Tremain,  and 
St.  Germains. 

All  the  fossils  from  this  neighbourhood  in  the  collection  of  Mr. 
Hicks  are  the  counterpart  of  the  series  from  Plymouth ;  and  nearly 
the  same  remark  applies  to  the  collection  of  Mr.  Giles  at  Liskeard. 
A  few  species  which  are  new  or  have  been  imperfectly  described  will 
be  noticed,  as  before  stated,  by  Prof.  M'Coy  in  the  next  "Fasci- 
culus of  the  Cambridge  Palaeozoic  Fossils." 

That  the  calcareous  slates  immediately  north  of  Looe  are  a  part  of 
the  Plymouth  Group,  and  nearly  on  the  strike  of  the  Plymouth 
limestone,  cannot  admit  of  doubt.  The  beds  near  Liskeard  are  con- 
siderably lower  in  the  series  of  deposits;  and  it  was  not  without 
hesitation  that  I  designated  them  by  the  distinctive  name  of  Liskeard 
Group  (see  above,  p.  5).  They  are  certainly  neither  Silurian  nor 
Cambrian,  and  may  be  regarded  as  a  lower  subdivision  of  the  great 
Plymouth  Group. 

I  wish  the  Society  to  bear  in  mind  that  some  conclusions  arrived 
at  in  this  paper  are  hypothetical,  and  that  the  opinions  I  have  stated 
repecting  the  age  and  distribution  of  the  groups  in  the  south-western 
parts  of  Cornwall  are  chiefly  based  on  observations  made  in  the  sum- 
mer of  1836,  or  during  previous  years.  To  the  south-west  of  St. 
Austell  Bay,  hardly  any  Devonian  fossils  have  yet  been  discovered. 
But  in  Devonshire  the  middle  or  Dartmouth  Group  is  almost  devoid 
of  fossils ;  and  if  (as  I  think  is  true)  this  group  be  prolonged  into 
the  south-western  extremity  of  Cornwall,  the  fact  will  at  once  account 
for  the  almost  entire  absence  of  fossils ;  not  to  mention  the  highly 
altered  character  of  the  slates  in  the  great  mining  districts  of  Western 
Cornwall.  Again,  even  in  the  Plymouth  Group  the  quantity  of  cal- 
careous matter  is  less  developed  in  Cornwall  than  it  is  m  Devonshire ; 
and  this  fact  explains  the  less  abundance,  and  less  perfect  preservation, 
of  the  fossils  in  the  range  of  this  group  towards  the  south-west. 

By  way  of  conclusion  we  may,  I  think,  rationalize  and  explain 
the  actual  collocation  of  the  great  mineral  masses  in  Devonshire 
and  Cornwall,  without  being  accused  of  indulging  in  an  unreasonable 
spirit  of  hypothesis. 

1 .  What  was  the  condition,  before  the  period  of  the  Old  Red  Sand- 
stone, of  the  physical  region  now  occupied  by  the  sea,  both  on  the 
north  and  south  sides  of  Devonshire  and  Cornwall,  it  would  perhaps  be 
idle  to  conjecture ;  but  we  have  a  positive  proof  that  some  old  rocks 
did  exist  along  what  is  now  a  part  of  the  S.E.  coast  of  Cornwall :  and 
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perhaps  the  altered  slates  near  Lizard  Head  and  the  metamorphic 
slates  at  Bolt  Head  might  be  regarded  as  indications  of  ancient  strata 
near  the  site  of  those  promontories.  Again,  the  rocks  of  North  Devon 
are  highly  mechanical  in  structure,  and  were  evidently  formed  by  the 
degradation  of  some  older  strata.  The  enormous  breaks  and  disrup- 
tions, that  took  place  in  many  parts  of  our  Island  before  the  deposits 
of  the  Old  Red  Sandstone  began,  may  easily  explain  the  absence  of  any 
large  continuous  deposits  of  Cambrian  or  Silurian  rocks,  either  on  the 
north  or  south  side  of  Devonshire  and  Cornwall. 

2.  Assuming  the  truth  of  the  previous  statements  of  this  paper, 
we  may  believe  that  a  great  physical  group  (the  Plymouth  Group) 
was  deposited  in  a  region  which  is  now  occupied  by  the  most  northern 
coasts  of  North  Devon ;  and  also  along  the  region  which  is  now  oc- 
cupied by  the  south-eastern  coasts  of  Cornwall  and  by  a  part  of  South 
Devon. 

3.  Over  this  came  the  Dartmouth  Group,  ranging  under  the  sea 
where  now  are  spread  out  the  slates  of  this  group  both  in  North  and 
South  Devon.  But  this  Dartmouth  Group  was  also  largely  deve- 
loped on  the  north  side  of  the  Plymouth  Group,  ranging  through  a 
space  which  is  now  occupied  by  the  central  and  north-western  parts 
of  Cornwall ;  and  the  same  group  was  probably  spread  to  the  north 
of  the  Plymouth  Group  through  a  country  afterwards  broken  through, 
and  partly  covered  up  by  the  Dartmoor  granite. 

4.  Over  the  two  preceding  were  deposited  the  two  contemporaneous 
Groups  of  Petherwin  and  Barnstaple. 

5.  Within  the  period  of  the  three  preceding  groups,  there  seem  to 
have  been  extensive  tracts  of  elevated  land,  covered  with  ancient 
Carboniferous  Plants;  otherwise,  how  are  we  to  account  for  the 
great  quantity  of  vegetable  matter  which,  both  from  the  north  and 
the  south,  was  drifted  into  the  great  culm-trough  of  North  Devon  T 
Of  this  at  least  we  are  certain,  that  the  great  culmiferous  series  was 
deposited  in  regular  order  on  the  three  preceding  groups. 

6.  Afterwards  came  the  period  during  which  the  great  granitic  axis 
was  elevated.  When  the  elevatory  movements  began,  and  how  long 
they  were  continued,  it  would  not  be  possible  to  determine ;  but  they 
ended  before  the  period  of  the  New  Red  Sandstone ;  for  before  that 
period,  the  granitic  axis,  and  the  other  great  mineral  masses  had 
assumed  their  present  relative  position.  But  this  granitic  axis  was 
not  elevated  along  the  strike  of  any  one  of  the  above  groups ;  but, 
commencing  at  the  western  end  of  Cornwall,  it  rose  through  slate- 
rocks,  which  seem  to  belong  to  the  older  Devonian  groups,  and  was 
apparently  continued,  in  association  with  the  same  groups,  as  far  as 
the  great  boss  of  veined  granite  north  of  St.  Austell,  round  which,  as 
stated  above,  there  is  much  confusion  in  the  position  of  the  stratified 
masses.  But  the  great  granitic  mass  between  St.  Cleer  and  Camelford 
rose  between  the  Plymouth  and  Petherwin  Groups,  so  that  the 
Dartmouth  Group  almost  disappears  from  the  section.  Lastly,  the 
Dartmoor  granite  rose  up  and  partially  removed  both  the  Dartmouth 
slates  and  the  Petherwin  Group ;  so  that  its  north  end  abuts  against, 
and  tilts  up,  the  base  of  the  culm-trough,  mineralizing  the  great  culm- 
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limestone ;  while  the  south  end  of  the  same  Dartmoor  granite  mine- 
ralizes and  tilts  up  the  base  of  the  Plymouth  Group. 

7.  Contemporaneous  with  the  elevation  of  the  mineral  axis  above 
described,  was  a  mineral  axis,  ranging  nearly  east  and  west,  and  ele- 
vating the  older  groups  of  North  Devon.  We  do  not  now  see  this 
mineral  axis ;  but  that  it  existed  and  produced  its  effects,  at  the  time 
indicated,  cannot,  I  think,  admit  of  doubt ;  and  it  explains  the  high 
inclination,  the  southern  dip,  and  the  contortions  of  the  great  Ply- 
mouth Group  on  the  coast-line  of  North  Devon. 

8.  Lastly  we  have  indications  of  an  elevatory  axis,  probably  con- 
temporaneous with  the  two  axes  already  noticed,  ranging  along  the 
south  coasts  of  Devonshire  and  Cornwall.  For  example,  the  meta- 
morphic  groups  of  Bolt  Head  and  Start  Point,  which  occupy  the 
south  end  of  Devonshire,  are  elevated  at  a  high  angle  and  dip  to- 
wards the  north.  Whether  these  metamorphic  rocks  belong  to  a 
very  ancient  group,  or  are  merely  an  altered  form  of  the  Dartmouth 
Group,  is  a  question  of  no  moment  to  my  present  purpose ;  but  the 
position,  as  well  as  the  structure,  of  these  rocks  favours  my  hypo- 
thesis of  a  third  mineral  axis.  The  same  may  be  said  of  the  igneous 
rocks,  forming  the  great  plateau  of  the  Lizard  district.  Considered 
in  the  mass,  they  appear  to  overlie  a  series  of  slate-rocks,  probably 
about  the  age  of  the  Plymouth  Group.  But  at  their  southern  extre- 
mity, they  bring  up  a  group  of  slate-rocks  of  metamorphic  structure 
and  of  uncertain  age.  This  evidence  is  no  doubt  obscure,  but  the 
existence  of  the  metamorphic  slates,  with  the  other  phenomena  of 
the  district,  combined  with  the  appearance  of  metamorphic  slates  at 
the  south  end  of  Devonshire,  are  facts  which  favour  the  hypothesis 
of  a  third  mineral  axis. 

If  these  views  be  even  approximately  true,  they  help  us  to  ac- 
count for  the  singular  contortions  of  the  great  culm-trough  of  North 
Devon.  For  it  must,  on  this  hypothesis,  have  been  exposed  (perhaps 
for  a  long  period  of  time)  to  continued  and  conflicting  movements  of 
elevation ;  and  its  beds  may  at  the  same  time  have  been  doubled  up 
and  compressed  by  enormous  lateral  forces,  originating  from  two  an- 
tagonistic lines  of  elevation. 

Finally,  a  third  mineral  axis  acting  from  the  south  helps  us  to  ex- 
plain some  of  the  phsenomena  above  noticed ;  and  makes  it  probable 
that  rocks  older  than  those  of  any  Devonian  group,  may  have  been 
brought  to  the  surface  along  the  line  of  the  south-eastern  coast  of 
Cornwall ;  and,  that  such  rocks  do  partially  exist  in  the  headlands 
south  of  St.  Austell,  we  have  a  proof  in  the  facts  stated  in  the  pre- 
vious parts  of  the  paper. 

A  further  notice  of  the  phenomena  observed,  during  the  past  sum- 
mer, in  the  Silurian  country,  in  North  Wales,  and  among  the 
Yorkshire  group  of  slates  near  Ingleton,  and  in  Upper  Ribblesdale, 
is  reserved  for  a  future  communication. 
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November  19,  1851. 

Stirling  Benson,  Esq.,  and  Dr.  John  Percy  were  elected  FellowB. 

The  following  communication  was  read : — 

On  the  Granitic  Blocks  of  the  South  Highlands  of  Scotland. 
By  W.  Hopkins,  Esq.,  M.A.,  F.R.S.,  President  Geol.  Soc.  Lond., 
and  President  Cambridge  Phil.  Soc. 

On  a  visit  to  the  Highlands  of  Scotland  in  the  summer  of  1849,  my 
attention  was  directed  by  my  friend  Mr.  Smith,  of  Jordan  Hill,  to  the 
blocks  of  granite  which  are  scattered  along  the  banks  of  the  Clyde. 
Proceeding  thence  to  Oban,  I  found  on  the  shores  about  that  place, 
and  on  the  neighbouring  shores  of  Loch  Etive  (see  Map),  similar 
blocks,  but  larger  and  more  numerous.  These  were  easily  traceable 
to  their  source,  the  mass  of  granite  immediately  on  the  north  and 
north-west  of  Ben  Cruachan,  and  extending  across  the  upper  branch 
of  Loch  Etive.  In  like  manner  I  observed  numerous  blocks  about 
the  head  of  Loch  Awe,  on  the  south-east  of  Ben  Cruachan  (see  Map) ; 
and  these  also  were  easily  traced  to  the  above-mentioned  mass  of 
granite  up  the  valley  of  Glenray,  which  runs  in  a  north-easterly 
direction  from  the  head  of  Loch  Awe  on  the  eastern  side  of  Ben 
Cruachan.  Proceeding  afterwards  to  Loch  Lomond,  I  found  granite 
blocks  scattered  along  its  western  shore ;  and  I  observed  them  in 
great  numbers  also  round  the  head  of  Loch  Long  and  of  Loch  Fyne. 
The  source  of  these  blocks  presented  a  great  apparent  difficulty.  The 
granite  of  Ben  Cruachan  was  well  known  *,  but  no  granitic  mass,  so 
far  as  I  could  ascertain,  had  been  recognized  by  geologists,  or  indicated 
on  any  geological  map,  as  standing  in  the  same  relation  to  the  last- 
mentioned  blocks,  as  that  which  the  granite  of  Ben  Cruachan  bears 
to  the  blocks  of  Loch  Etive  and  Loch  Awe.  In  fact  Ben  Cruachan 
was  the  nearest  known  source  to  which  the  blocks  of  Loch  Lomond, 
Loch  Long,  and  Loch  Fyne  could  be  referred,  if  we  except  the  red 
granite  near  Inverary  ;  and  the  character  of  that  granite  is  entirely 
distinct  from  that  of  the  grey  and  whitish  granite  of  which  the  blocks 
are  composed.  At  the  same  time  the  nature  of  the  country  inter- 
vening between  these  localities  and  Ben  Cruachan  is  such  as  pre- 
sented the  greatest  difficulty  in  any  explanation  of  the  dispersion  of 
these  blocks  which  should  refer  their  origin  to  that  mountain.  It 
was  with  the  view  of  solving  this  difficulty  that  I  devoted  several 
weeks  of  the  summer  of  1850  to  a  more  detailed  investigation  of  the 
subject. 

1.  Distribution  of  Blocks  about  Loch  Lomond,  Loch  Long,  and  Loch 
Fyne.    (See  Map.) 

I  commenced  the  investigation  at  the  head  of  Loch  Long,  ac- 
companied by  Mr.  Montgomery  of  Ayr.  Of  the  blocks  in  that 
locality  the  greater  part  consist  either  of  a  dark-grey  granite ;  or  of 

*  See  Maceulloch's  "  Observation!  on  the  Mountain  Cruachan,"  Trans.  Geol. 
Soc  voL  iv.  p.  117. 
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a  very  light-coloured  granite,  containing  comparatively  large  crystals 
of  felspar.  These  characters  I  found  so  distinctly  marked  as  to  in- 
dicate the  great  probability  of  these  two  classes  of  blocks  being 
derived  from  different  sources.  They  appeared  to  have  come  down 
the  valley  which  forms  the  prolongation  of  that  in  which  Loch  Long 

Map  of  a  part  of  the  South  Highlands,  showing  the  granitic  nuclei 
of  Ben  Cruachan  and  Ben  Nime,  and  the  dispersion  of  the  Erratic 
Blocks  from  these  Centres  respectively. 
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is  situated,  running  for  three  or  four  miles  N.  and  S.  parallel  to  the 
west  shore  of  Loch  Lomond,  from  which  it  is  distant  about  two  or 
three  miles.  It  then  turns  towards  the  N.W.,  and  rises  rapidly  to 
nearly  the  elevation  of  the  ridge  which  separates  its  southern  part 
from  Loch  Lomond.  As  we  approached  this  upper  extremity  of  the 
valley,  the  dark-grey  blocks  increased  in  number  and  magnitude ; 
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they  were  also  much  less  rounded,  indicating  our  approach  to  the 
source  from  whence  they  came.  This  source  was  soon  reached.  It 
is  a  large  mass  of  granite  presenting  precisely  the  same  characters 
as  the  dark  blocks  which  have  proceeded  from  it.  Their  principal 
origin  was  thus  clearly  determined. 

immediately  on  the  W.  of  the  upper  parts  of  Loch  Long  and  of 
the  lower  part  of  the  valley  above-mentioned,  is  the  mountain  well 
known  as  the  Cobler,  and  directly  to  the  N.  of  it,  the  lofty  summit 
of  Ben  Nirae,  which  in  height  rivals  Ben  Lomond  itself.  If  a  spec- 
tator stand  at  the  upper  extremity  of  the  valley  and  look  to  the 
north,  Ben  Nime  will  be  situated  on  his  left,  and  immediately  in  front 
he  will  see  Ben  Voirlich,  also  a  lofty  mountain,  the  base  of  which 
extends  to  the  western  shore  of  Loch  Lomond.  Between  him  and 
this  latter  mountain  he  will  observe  a  valley  descending  rapidly  east- 
ward to  Loch  Lomond,  which  he  will  overlook  stretched  out  on  his 
right.  This  valley  in  ascending  divides  into  two  branches.  The 
principal  one  runs  in  a  north-westerly  direction  between  Ben  Nime 
and  Ben  Voirlich,  defining  the  extent  of  the  latter  mountain  from  the 
lowest  point  of  the  valley  on  the  shore  of  Loch  Lomond  to  its  upper 
extremity  at  which  the  small  lake,  Loch  Sloy,  is  situated,  at  a  great 
elevation  above  the  larger  lakes.  The  other  branch  of  the  valley  is 
much  shorter,  and  takes  a  more  westerly  direction  into  the  bosom 
of  the  mountains  immediately  associated  with  Ben  Nime.  A  consi- 
derable stream  runs  from  Loch  Sloy,  and  is  increased  at  the  junc- 
tion of  the  two  branches  of  the  valley  by  water  descending  along  the 
shorter  valley.  The  rapidity  of  the  fall  must  frequently  render  this 
stream  a  perfect  torrent  from  Loch  Sloy  down  to  Loch  Lomond. 

Mr.  Montgomery  followed  the  valley  on  the  left  towards  Ben  Nime 
and  found  a  large  mass  of  granite  in  situ,  similar  to  the  dark-grey 
granite  already  mentioned.  In  pursuing  the  course  of  the  larger 
branch  to  Loch  Sloy,  I  remarked  the  absence  of  the  blocks  of  dark 
grey  granite,  while  the  presence  of  others,  although  few  in  number, 
of  lighter  colour  and  containing  large  crystals  of  felspar,  indicated 
this  valley  to  have  been  the  course  along  which  the  blocks  of  this 
character  had  proceeded  from  their  source  down  to  the  head  of  Loch 
Long.  Time,  however,  did  not  allow  me  to  reach  their  source  in  this 
direction.  I  could  only  ascertain  that  it  lay  to  the  N.  of  Loch  Sloy ; 
a  conclusion,  which,  as  we  shall  see,  was  subsequently  verified. 

With  the  present  configuration  of  the  surface,  whatever  might  be 
the  agency  of  transport,  the  blocks  coming  from  Loch  Sloy  would 
have  the  greatest  tendency  to  descend  directly  eastward  to  Loch  Lo- 
mond, as  would  also  the  blocks  of  grey  granite  descending  the  other 
valley,  mentioned  above  as  penetrating  into  the  mountains  about  Ben 
Nime.  With  a  little  alteration,  however,  in  the  present  surface,  it  is 
sufficiently  obvious  that  a  portion  of  these  blocks  would  descend 
southward  to  Loch  Long.  These  are  manifestly  courses  which  have 
been  traversed  by  the  blocks  which  now  line  the  shores  of  these  lakes. 
They  are  more  numerous  about  the  head  of  Loch  Long  than  towards 
its  southern  part ;  and  they  also  exist  in  considerable  numbers  on 
the  western  shore  of  Loch  Lomond,  from  its  northern  limit  for  many 
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miles  southward,  and  probably  to  its  southern  extremity,  for  there 
can  be  little  doubt  of  this  having  been  one  of  the  courses  by  which 
the  blocks  of  the  Clyde  have  reached  their  present  locality.  The 
other  obvious  course  is  that  afforded  by  Loch  Long. 

Besides  the  valleys  above-described,  there  is  one,  two  or  three  miles 
long,  which  runs  directly  from  the  head  of  Loch  Long  to  the  village 
of  Tarbet  on  Loch  Lomond.  Numerous  blocks  are  found  along  this 
valley,  through  which  similar  blocks  have  manifestly  been  transported 
from  one  loch  to  the  other,  probably  from  Loch  Long  to  Loch  Lo- 
mond, since  that  direction  of  transport  appears  more  consistent  than 
the  opposite  one  with  the  general  direction  of  dispersion  in  that 
quarter.  There  is  also  another  valley,  running  directly  north,  from 
the  northern  extremity  of  Loch  Lomond  to  Tyndrum,  which  might 
have  afforded  an  access  for  blocks  to  that  end  of  the  lake ;  but  on 
examining  this  valley  for  some  distance,  I  was  unable  to  find  in  it  a 
single  block  of  granite. 

There  is  also  another  course  along  which  blocks  of  grey  granite 
have  found  their  way  to  the  upper  part  of  Loch  Long.  The  valley 
of  Glencroe,  along  which  runs  the  road  from  Tarbet  to  Inverary,  lies 
immediately  to  the  south  of  the  Cobler,  a  mountain  mentioned  above. 
In  proceeding  westward  along  this  valley  from  the  lake,  we  observe 
blocks  of  grey  granite,  but  neither  large  nor  numerous  until  we  ap- 
proach a  small,  but  rapid  stream  descending  into  Glencroe  from  the 
central  group  of  mountains  about  Ben  Nime,  where  a  large  mass  of 
grey  granite,  as  already  described,  is  found  in  situ.  The  gully,  down 
which  the  stream  descends,  is  filled  with  blocks  of  grey  granite,  many 
of  these  being  of  considerable  magnitude.  The  smaller  ones  only 
appear  to  have  been  carried  forward  along  the  valley  of  Glencroe. 
Proceeding  westward  along  the  road  from  this  point  the  blocks 
entirely  disappear,  until  we  descend  towards  the  head  of  Loch  Fyne. 
Round  the  head  of  the  loch  they  are  very  numerous,  but  instead  of 
being  of  a  dark-grey  colour,  they  belong  to  the  whiter  kind  of  granite 
with  large  crystals  of  felspar.  They  are  very  numerous  along  Glen 
Fyne,  which  extends  directly  northward  from  the  head  of  the  loch, 
and  have  manifestly  proceeded  from  a  great  mass  of  granite  about 
four  or  five  miles  north  of  the  loch.  This  granite  extends  across 
Glen  Fyne  to  the  west,  and  on  the  east  it  extends  to  the  north  of 
Loch  Sloy,  forming  the  source  from  whence  the  blocks  of  whiter  gra- 
nite, which  have  descended  from  that  lake  to  Loch  Lomond,  have  un- 
doubtedly been  derived. 

The  greater  portion  of  the  blocks  on  the  shores  of  Loch  Fyne  have 
evidently  come  down  Glen  Fyne,  but  a  portion,  although  probably  a 
small  one,  has  descended  the  valley  alone  the  lower  part  of  which 
the  road  before-mentioned  passes  from  Loch  Long  to  Inverary.  This 
valley  runs  up  nearly  in  the  direction  of  Loch  Sloy,  and  penetrates, 
I  have  no  doubt,  into  the  mass  of  granite  just  mentioned.  Its  lower 
termination  is  at  Ardkinglas,  one  or  two  miles  from  the  head  of  the 
loch. 

In  this  part  of  the  Highlands  there  is  an  important  group  of 
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mountains  tolerably  well  defined  by  Loch  Lomond  on  the  east,  Glen- 
croe  on  the  south,  Glen  Fyne  on  the  west,  and  on  the  north  by  the 
valley  which  runs  eastward  from  the  head  of  Loch  Awe  by  Dalmally 
towards  Tyndrum  (see  Map).  The  area,  thus  bounded,  includes  the 
Cobler  on  the  south,  Ben  Yoirlich  on  the  east,  Ben  Loy  on  the  north, 
and  Ben  Nime  which  is  more  centrally  situated.  The  mass  of  granite 
I  have  described  forms  the  central  nucleus  of  this  group,  and  it  is 
probably  to  its  protrusion  that  the  formation  of  these  mountains  is  in 
a  great  measure  due.  Its  existence  entirely  removes  all  difficulty  as 
to  the  origin  of  the  blocks  on  the  shores  of  Loch  Fyne,  Loch  Long, 
and  Loch  Lomond,  and  on  the  banks  of  the  Clyde.  I  have  entered 
into  minuter  details  than  I  should  otherwise  have  thought  necessary, 
on  account  of  the  great  inaccuracy  with  which  the  physical  features 
of  this  tract  are  generally  represented  on  maps,  and  the  want  of  any 
distinct  recognition  by  former  geologists  of  the  existence  of  this 
granitic  nucleus. 

2.  Distribution  of  Blocks  around  Ben  Cruachan.    (See  Map.) 

To  the  N.W.  of  the  group  of  mountains  above  described  is  another 
group,  of  which  Ben  Cruachan  is  the  highest  point ;  and  which 
possesses  also  its  own  central  granitic  nucleus.  It  is  bounded  on  the 
east  by  the  valley  of  Glenorchy,  on  the  north  by  Glencoe,  on  the 
south  by  the  upper  part  of  Loch  Awe,  the  Pass  of  Awe,  and  the 
western  portion  of  Loch  Etive ;  on  the  west  it  extends  nearly  to  the 
sea-coast  of  Appin.  The  granitic  nucleus  is  situated  somewhat  to  the 
south  of  the  centre  of  the  group.  It  forms  both  banks  of  the  whole 
of  that  part  of  Loch  Etive  which  runs  N.E.  from  Tyanuilt,  and  ap- 
pears to  form  the  base  of  the  northern  part  of  Ben  Cruachan.  It  is 
penetrated  also  on  the  S.E.  by  the  valley  of  Glenray,  of  which  the 
southern  extremity  is  at  the  head  of  Loch  Awe ;  and  also  on  the 
western  side  by  the  valley  in  which  Loch  Creran  is  situated.  Nume- 
rous blocks  have  been  transported  down  all  these  valleys.  The 
greatest  number  is  found  on  the  shores  of  Loch  Etive,  as  might  be 
expected,  in  consequence  of  that  loch  penetrating  so  far  into  the 
granitic  mass.  From  the  mouth  of  the  loch  they  extend  along  the 
coast  to  Oban  and  for  several  miles  south  of  that  place.  Many  have 
been  driven  on  the  northern  point  of  the  small  island  of  Kerrara,  just 
opposite  Oban.  They  are  round  also  on  the  highest  point  of  the 
island,  and  are  scattered  over  the  hills  which  intervene  between  Oban 
and  Loch  Etive,  at  heights,  in  some  cases,  of  several  hundred  feet. 
Very  few  appear  to  have  passed  from  the  mouth  of  Loch  Etive  in  the 
northern  direction.  In  like  manner,  blocks,  but  smaller  and  less 
numerous,  are  scattered  on  the  shores  of  Loch  Creran.  A  continued 
aeries  of  these  blocks  also  exists  along  Glenray  down  to  the  head  of 
Loch  Awe,  about  which  they  occur  in  numbers,  extending  from  thence 
also  eastward  along  the  valley  a  little  beyond  Dalmally,  to  a  distance 
of  four  or  five  miles.  They  extend  in  the  opposite  direction  along 
the  shore  of  the  loch  to  the  entrance  of  the  Pass  of  Awe,  but  I  could 
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not  discover  any  on  the  eastern  shore  within  a  distance  of  six  or  eight 
miles  of  the  head  of  the  loch.  My  examination  did  not  extend  further 
to  the  south. 

3.  On  the  general  Configuration  and  relative  Depression  of  the 
District  at  the  period  of  the  Drift, 

The  two  granitic  centres  of  Ben  Nime  and  Ben  Cruachan  are  un- 
doubtedly those  from  which  the  granitic  blocks  in  general  in  the 
southern  portion  of  the  Highlands  have  been  derived.  The  particular 
courses  which  these  blocks  have  followed  bear  no  constant  relation 
to  the  points  of  the  compass.  On  the  contrary,  we  find  them 
radiating  from  separate  centres,  each  line  of  dispersion  being  deter- 
mined by  a  configuration  of  the  surface  of  the  country  very  similar 
to  that  now  existing.  The  reason  why  there  are  no  lines  of  disper- 
sion towards  the  north  in  the  above  cases  is  found  in  the  absence  of 
any  valley  descending  in  that  direction  from  the  granitic  centres. 
This  leads  us,  and  I  think  necessarily,  to  the  conclusion  that  the 
general  configuration  of  the  district  was  nearly  the  same  at  the  time 
of  the  dispersion  of  the  blocks  as  at  the  present  time ;  a  conclusion, 
however,  which  does  not  by  any  means  invalidate  the  suppositions 
that  the  position  of  the  surface  of  the  land  may  have  undergone 
great  changes  with  reference  to  the  sea-level,  and  that  the  valleys 
may  have  been  materially  modified  by  denudation,  during  the  period 
of  submergence.  There  is,  in  fact,  indubitable  evidence  in  different 
parts  of  Scotland  of  the  superficial  configuration  of  the  rocks  older 
than  the  Old  Red  Sandstone  having  been  determined  previous  to  the 
breaking  up  of  that  formation;  for  the  Old  Red  Conglomerates 
occupy  entirely  or  partially  valleys  which  must  have  existed  previously 
to  their  dispersion.  Some  of  these  valleys  also  afford  most  striking 
instances  of  subsequent  modifications  produced  by  denudation.  The 
valley,  now  occupied  by  the  sea,  between  the  island  of  Kerrara  and 
the  main-land  near  Oban,  is  an  instance  of  this  kind.  It  was  obviously 
filled  up  by  the  Old  Red  Conglomerate  to  the  depth  of  perhaps 
several  hundred  feet ;  but  the  greater  part  of  this  mass  has  been 
swept  away  by  denuding  agencies,  which  have  only  left  a  narrow 
fringe  round  the  coasts  as  evidences  of  its  former  more  extended 
existence.  Similar  modifications  may  have  taken  place  in  many  of 
the  valleys  of  the  Highlands,  although  equally  conclusive  proofs  may 
be  wanting.  % 

It  has  been  frequently  supposed  that  the  directions,  in  which  the 
general  transport  in  this  region  has  taken  place,  indicated  the  opera- 
tion of  some  general  cause  acting  from  north  to  south,  or  from  north- 
east to  south-west.  The  facts,  however,  above  stated  prove,  I  think, 
beyond  all  doubt,  that  the  conditions,  which  have  regulated  the  direc- 
tions of  dispersion  from  the  two  granitic  centres  described,  have  been 
strictly  local. 

I  am  not  acquainted  with  any  phsenomena  within  the  proper 
boundaries  of  the  southern  Highlands,  which  prove  the  depression  of 
this  district  during  any  portion  of  the  glacial  period  to  have  been 
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equal  to  that  of  Snowdon.  I  think  it  very  probable,  however,  that 
the  maimer  in  which  the  blocks  are  distributed  along  the  sides  of 
most  of  the  valleys  in  which  they  abound,  may  be  justly  regarded  as 
indicative  of  a  position  of  the  surface  of  the  ocean  much  higher  than 
at  present,  with  reference  to  the  surface  of  the  land.  On  the  south 
side  of  Loch  Etive  from  Tyanuilt  to  the  sea,  and  on  the  hills  about 
Oban,  the  blocks  range  to  the  height  of  300  or  400  feet,  and  possibly 
higher,  according  to  a  rough  estimate  by  the  eye.  The  elevation  at 
which  they  are  found  also  on  the  island  of  Kerrara  is  much  the  same. 
Again,  on  the  eastern  side  of  Loch  Fyne  I  have  observed  them  at 
apparently  about  the  same  altitude,  and  also  on  the  eastern  side  of 
the  Cooler,  above  the  shores  of  Loch  Long.  Whether  we  suppose 
the  blocks  at  these  heights  to  have  been  deposited  there  by  floating 
ice  or  transported  by  water,  after  having  been  brought  down  in  part 
from  their  original  sources  by  glaciers,  it  would  appear  probable,  that 
the  surface  of  the  sea  stood  at  a  relative  elevation  somewhat  exceed- 
ing that  of  the  upper  limit  of  the  blocks,  at  least  during  the  time  of 
the  transport  of  those  which  are  now  placed  near  to  that  limit. 

That  the  depression  of  the  southern  Highlands  has  been,  however, 
much  greater  at  some  period  than  that  here  contemplated,  is  rendered 
extremely  probable  by  evidence  afforded  by  the  adjoining  districts. 
The  Till  in  these  districts  is  not  unfrequently  found,  I  believe,  at  the 
height  of  500  or  600  feet,  and  in  some  cases  at  the  height  of  1000  or 
1200  feet  or  upwards,  above  the  present  sea-level.  These  facts, 
assuming  the  Till  to  have  been  of  marine  origin,  prove  the  great  de- 
pression to  which  the  lower  lands  of  Scotland  must  have  been  sub- 
jected ;  and  I  know  of  no  reason  for  supposing  the  Highlands  not  to 
have  been  subjected  to  a  similar  depression. 

4.  On  the  Modes  of  Transport  of  the  Blocks. 

The  three  modes  of  transport, — by  glaciers,  by  floating  ice,  and  by 
currents  of  water,  are  all,  I  conceive,  now  pretty  generally  recognized 
by  geologists  as  possible  modes  in  which  the  transport  of  blocks  may 
have  been  actually  effected.  The  difficulty  consists  in  distiiiguishing 
the  effects  produced  by  these  agencies  respectively.  In  attempting 
to  distinguish  the  action  of  glaciers,  one  inquiry  is,  the  heights  of  the 
sources  to  which  the  blocks  can  be  traced  ;  for,  if  it  should  appear 
sufficiently  probable  that  those  heights  are  greater  than  the  relative 
elevation  which  the  sea  attained  during  the  period  of  dispersion,  we 
must  attribute  the  first  removal  of  the  blocks  from  their  original  sites 
to  the  action  of  glaciers.  On  the  north-western  side  of  Ben  Cruachan 
the  granitic  mass  forms  the  bed  of  the  upper  portion  of  Loch  Etive 
from  Tyanuilt  for  many  miles,  and  rises  to  the  summit  of  the  moun- 
tains on  either  side,  so  that  there  is  no  determinate  elevation  from 
which  the  blocks  of  that  locality  must  necessarily  have  proceeded. 
The  blocks  of  Loch  Fyne  also  present  an  exactly  similar  case.  In 
other  cases  the  blocks  must  have  descended  from  at  least  a  certain 
ht.  The  grey  blocks  on  the  shores  of  Loch  Lomond,  which  have 
their  origin  in  Ben  Nime,  must  have  descended  from  points 
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many  hundred  feet  above  the  present  sea-level,  as  must  likewise  the 
blocks  which  have  proceeded  from  that  mountain  to  the  south  into 
Glencroe.  Again,  the  blocks  of  white  granite,  which  have  passed 
down  from  Loch  Sloy  to  Loch  Lomond,  must  have  descended  from 
a  still  greater  height.  I  have  no  means  of  ascertaining  these  heights, 
except  by  a  rude  estimate ;  but  I  should  think  they  may  amount  to 
1500  or  2000  feet.  The  blocks  from  Ben  Cruachan  also,  in  the 
valley  of  Glenray,  must  have  descended  from  an  elevation  of  several 
hundred  feet. 

From  what  I  have  stated  in  the  previous  section,  it  would  not 
appear  that  we  have  any  certain  evidence  that  the  depression  of  the 
land  below  its  present  level,  during  the  drift  period,  ever  amounted  to 
2000  or  even  1 500  feet,  either  in  this  or  the  surrounding  districts. 
Still  it  must  have  approached  the  latter  amount ;  nor  is  there  any 
evidence  of  its  not  having  been  considerably  greater.  In  Wales,  too, 
there  appears  to  be  distinct  evidence  of  its  having  exceeded  2000  feet. 
We  can  derive,  therefore,  from  these  considerations  no  positive  proof 
of  the  former  action  of  glaciers.  If,  however,  we  regard  the  distri- 
bution of  the  blocks  along  the  sides  of  some  of  the  principal  valleys 
in  which  they  exist  as  indicative  of  the  relative  height  of  the  sea  at 
the  time  of  their  transport,  we  obtain  a  presumptive  proof  that  the 
blocks  were  brought  down  to  that  level  by  glaciers.  To  this  may  be 
added  the  direct  indications  of  the  former  existence  of  glaciers.  They 
are  not,  however,  either  very  numerous  or  very  striking  in  this  region, 
although  several  instances  of  polished  and  striated  rocks  have  been 
described  by  Mr.  Maclaren  and  other  observers.  They  are  chiefly 
at  comparatively  low  levels,  and  may  perhaps,  in  some  cases,  be 
rather  attributable  to  half-floating  ice  driven  forward  by  currents,  or 
other  causes,  than  to  glaciers  properly  so  called. 

There  are  indications  of  glaciers,  however,  at  much  higher  levels. 
I  have  already  mentioned  the  valley  which  descends  from  Loch  Sloy 
along  the  western  flank  of  Ben  V oirhch .  It  afterwards  turns  suddenly 
eastward,  at  the  foot  of  the  same  mountain,  down  to  Loch  Lomond. 
Immediately  to  the  south  of  the  point  where  the  valley  thus  changes 
its  direction,  the  general  surface  of  the  rocks  is  much  more  rounded 
than  elsewhere,  assuming  the  aspect  which  might  be  given  to  it  by 
the  passage  of  a  large  glacier  over  it.  The  locality  would  be  favour- 
able for  the  formation  of  such  a  glacier,  which  would  be  fed  by  one 
descending  down  the  valley  from  Loch  Sloy,  and  another  from  the 
valley  running  up  into  the  recesses  of  Ben  Nime,  besides  minor 
affluents.  It  would  then  descend  partly  down  to  Loch  Lomond,  and 
partly  down  to  Loch  Long,  along  the  valley  already  described  as  that 
by  wnich  the  blocks  have  reached  the  head  of  the  latter  loch.  I 
could  find,  however,  no  striae,  nor,  in  fact,  did  I  observe  any  surfaces 
apparently  calculated  to  preserve  them.  The  only  other  direct  in- 
dication of  glaciers  which  I  remarked  in  this  locality  consisted  in  a 
block,  which  was  not  granitic,  reposing  on  a  surface  of  granite.  It 
probably  weighed  twenty  or  thirty  tons,  and  was  split  vertically  in 
the  manner  in  which  large  blocks  deposited  by  glaciers  are  frequently 
divided.   I  may  also  mention,  that  in  the  valley  of  Glenray,  and  not 
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far  from  the  head  of  Loch  Awe,  I  observed  aggregations  of  large 
angular  blocks  and  other  detritus,  haying  the  true  character  of 
moraines. 

I  am  disposed,  as  I  have  already  intimated,  to  refer  most  of  the 
polished  and  striated  surfaces,  now  found  at  elevations  little  above 
the  surface  of  the  sea,  to  floating  or  rather  half-floating  ice.  It  is, 
at  all  events,  much  easier  to  conceive  and  account  for  the  existence 
of  ice  in  this  form  in  many  of  these  localities,  than  to  explain  the 
existence  of  glaciers  extending  many  miles  along  nearly  horizontal 
valleys  now  occupied  by  the  numerous  lochs  of  the  district*.  It 
does  not  follow,  however,  that  although  a  large  quantity  of  ice  may 
have  existed  in  this  form,  it  should  have  been  the  principal  agency  in 


think  that  observation  sanctions  the  opinion  of  such  having  been  the 
case  in  this  region.  I  have  been  told  that  there  are  blocks  of  consi- 
derable magnitude  on  the  banks  of  the  Clyde,  but  I  have  never  seen 
any  that  might  not  assuredly  have  been  transported  there  by  com- 
paratively moderate  currents  of  water.  As  we  recede  from  the  im- 
mediate sources  of  the  blocks  which  are  found  along  the  shores  of 
Loch  Lomond,  Loch  Long,  and  Loch  Fyne,  the  blocks  decrease 
rapidly  in  magnitude,  and  scarcely  ever  present  that  rough  and 
angular  appearance  which  many  of  them  have  close  to  their  original 
sites.  In  this  part  of  the  district,  the  blocks  which  are  at  all  remote 
from  their  sources  appear  to  me  for  the  most  part,  although  there  may 
be  particular  exceptions,  to  have  the  character  of  blocks  transported 
by  water  through  the  latter  part  of  their  course,  whatever  may  have 
been  the  mode  of  transport  nearer  to  the  points  from  which  they 
originally  came.  On  the  south  side  of  Loch  Etive,  the  decrease  in 
the  size  of  the  blocks  as  they  recede  from  Ben  Cruachan  does  not 
appear  to  me  so  rapid  as  in  the  cases  above  mentioned,  although  they 
decrease  and  rapidly  disappear  along  the  coast  to  the  south  of  Oban. 
The  best  test,  however,  by  which  we  might  determine  whether  con- 
siderable masses  of  floating  ice  had  or  had  not  been  the  effective 
agency  in  transporting  blocks  down  Loch  Etive,  would  be  afforded  by 
an  examination  of  the  opposite  coasts  of  Mull ;  for,  if  such  has  been 
the  case,  it  would  appear  extremely  improbable  that  a  considerable 
number  of  blocks  should  not  have  been  conveyed  to  that  island.  I 
regret  that  bad  weather  and  other  causes  prevented  my  making  this 
examination. 

Some  geologists  seem  to  have  manifested  of  late  an  indisposition  to 
admit  the  agency  of  currents  of  water  in  the  transport  of  erratic 
blocks.  The  effectiveness,  however,  of  this  agency  in  the  transport 
of  blocks  larger  than  the  great  majority  of  those  with  which  we  are 

*  It  is  in  this  manner  that  I  conceive  the  polished  and  striated  rocks  to  have 
been  produced  in  the  neighbourhood  of  Edinburgh  and  other  places  in  the  eastern 
parts  of  Scotland.  If  the  ice  floated  with  perfect  freedom,  it  would  be  very  dif- 
ficult ta  account  for  the  determinate  directions  of  the  stria; ;  and  no  rational  ex- 
planation can  be  given  of  glaciers  moving,  in  the  proper  sense  of  the  term,  over 
so  flat  a  region.  Hmtf-Jloatrng  ice,  impelled  perhaps  by  incidental  currents,  ap- 
pears to  me  to  afford  the  most  rational  explanation  of  the  phaenomena.  The 
notion  is  very  similar  to  that  frequently  advocated  by  Sir  Roderick  Murchisou. 
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here  concerned,  is  demonstrable,  if  we  admit  the  existence  of  such 
currents  as  most  necessarily  have  resulted  in  this  district  from 
elevatory  movements,  not  much  greater  in  magnitude  than  those 
which  have  taken  place  during  the  historic  period.  I  may  also  re- 
mark, that  in  discussing  this  subject,  we  are  too  apt  to  direct  our 
attention  exclusively  to  the  phenomena  of  what  is  emphatically 
termed  the  Drift-period.  It  should  be  recollected  that  some  of  the 
older  geological  periods  furnish  us  also  with  records  of  similar  phae- 
nomena.  The  conglomerate  of  the  Old  Red  Sandstone  in  the  western 
Highlands  presents  an  enormous  aggregation  of  boulders  of  consider- 
able magnitude.  In  the  neighbourhood  of  Oban,  it  is  seen  in  imme- 
diate juxtaposition  with  the  erratic  blocks  of  granite.  The  blocks  of 
the  older  period  have  evidently  been  subjected  to  very  great  attrition, 
and  have  thus  doubtlessly  been  much  reduced  below  their  original 
size.  Many  of  them,  probably,  were  as  large  as  the  neighbouring 
blocks  of  granite.  Mr.  J.  C.  Moore,  also,  in  his  paper  "  On  the 
Fossiliferous  Beds  of  Wigtonshire*,"  has  described  some  very  re- 
markable beds  of  conglomerates  containing,  among  smaller  boulders, 
rounded  blocks  of  4  or  5  feet  in  diameter,  and  regularly  interstra- 
tified  with  other  beds.  Mr.  Griffith  has  also  described  Silurian  con- 
glomerates in  Connamara  containing  blocks  of  great  magnitude.  It 
would  seem  extremely  difficult  to  assign  the  transport  of  these  blocks 
to  any  other  agency  than  that  of  water. 

There  are  also  phsenomena  connected  with  the  denudation  of  this 
district  which  ought  to  be  discussed  in  conjunction  with  the  trans- 
port of  its  erratic  boulders.  Most  geologists  will  probably  allow  the 
validity  of  the  reasons  above  assigned  for  the  opinion  that  this  region 
was  submerged  several  hundred  feet  beneath  the  surface  of  the  sea 
during  a  portion  of  the  glacial  period,  and  that  it  was  principally 
during  that  period  that  the  dispersion  of  the  granitic  blocks  took 
place.  Now,  if  this  period  of  submergence  was  a  tranquil  period, 
what  is  become  of  the  sedimentary  beds  which  must  necessarily  have 
been  formed  in  a  quiet  sea  ?  Instead  of  such  beds,  of  which  there  is 
scarcely  a  trace,  we  have  one  part  of  the  region  swept  almost  perfectly 
clean  of  all  recent  sedimentary  matter,  and  another  part  occupied  by 
the  tumultuary  deposit  of  the  Till.  I  cannot  doubt  but  that  a  con- 
siderable portion  of  this  deposit  was  derived  from  the  valleys  of  the 
Highlands,  and  was  transported  from  thence  by  currents  which  were 
produced  by  repeated  elevatory  movements  of  that  part  of  the  district, 
and  which  not  only  swept  away  any  new  sedimentary  deposits,  but 
also  still  more  deeply  excavated  the  pre-existing  valleys.  I  can 
conceive  no  other  agency  of  sufficient  power  to  sweep  out  accumulated 
matter  from  some  of  the  Highland  valleys  (as  that  for  instance  of 
Loch  Awe),  which  are  deep  and  extensive,  but  want  all  open  com- 
munication with  the  Lowlands  or  the  ocean.  These  same  currents, 
partially  at  least,  I  consider  to  have  been  instrumental  in  the  final 
dispersion  of  the  blocks  previously  brought  down  from  the  mountains, 

*  Quart  Journ.  Geol.  Soc.  vol.  iv.  p.  10,  1849.  See  also  Sir  R.  Murchison's 
account  of  Silurian  Conglomerates  in  Ayrshire,  op.  cit.  vol.  vii.  p.  149  et  teg.,  1851. 
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as  already  intimated,  by  glaciers,  and  carried  probably,  in  part,  still 
further  by  floating  ice,  before  they  became  subjected  to  the  influences 
of  the  currents  in  question. 

It  may  be  thought  that  the  non-existence  of  granitic  boulders 
within  the  mass  of  the  Till  is  a  proof  that  the  transport  of  die 
boulders  and  the  Till  did  not  take  place  at  the  same  tune  and  by 
the  same  agency.  This  argument  appears  to  me  conclusive  against 
the  opinion  that  any  considerable  portion  of  the  Till  may  have  been 
transported  by  ice,  because  there  is  no  reason  why  a  glacier  or  floating 
ice  should  not  deposit  the  smaller  detritus  together  with  the  blocks 
with  which  it  may  be  simultaneously  laden.  But  such  would  not  be 
the  case  with  currents  of  water.  A  current  rushing  down  a  subma- 
rine valley  in  consequence  of  an  elevatory  movement  of  the  central 
mountains  would  proceed  with  diminished  velocity  as  it  reached  the 
lower  and  wider  parts  of  the  valley,  and  especially  when  it  should 
have  escaped  into  the  more  open  region  beyond.  It  would  thus  first 
lose  its  power  of  moving  the  larger,  and  then  of  the  smaller  blocks ; 
while  it  would  still  retain  the  power  of  transporting  the  finer  detritus 
to  greater  distances.  A  transient  current  of  this  kind,  accompany- 
ing a  wave  of  elevation,  could  only  transport  a  block  of  a  given  mag- 
nitude a  certain  distance,  as  I  have  elsewhere  shown  *.  Another 
similar  wave  at  a  future  time  might  carry  it  a  certain  distance  further, 
and  so  on  for  successive  waves ;  but,  if  the  valleys  down  which  they 
proceeded  were  sufficiently  long,  a  continued  succession  of  these 
waves  might  be  necessary  to  transport  the  blocks  to  that  more  open 
region  in  which  these  waves  would  deposit  successive  layers  of  finer 
matter,  and  on  reaching  that  more  open  space  they  would  be  left  on 
the  finer  matter  previously  deposited  there.  According  to  this  process, 
wherever  the  blocks  and  finer  sediment  should  be  found  together,  the 
finer  sediment  would  invariably  form  the  lowest  stratum.  In  the 
southern  Highlands,  the  limits  within  which  there  is  any  considerable 
number  of  blocks  scarcely  extend  to  the  boundaries  of  the  Till,  and 
blocks  are  scarcely  ever,  I  believe,  found  imbedded  in  it.  Mr.  Griffith 
has  informed  me  that  he  believes  the  limestone  boulders  of  Ireland 
to  repose  in  many  instances  on  the  finer  detrital  matter,  and  M. 
d'Arcniac  cites  several  observers  who  testify  that  the  same  arrange- 
ment obtains  very  generally  in  the  north  of  Europe  f.  It  will  pro- 
bably be  found  to  be  a  very  general  character  of  most  masses  of  drift. 
The  explanation  here  given  of  it  does  not  at  all  interfere  with  the 
theories  of  the  transport  of  the  larger  and  more  angular  blocks  by 
ice,  for  it  is  intended  to  apply  more  especially  to  those  smaller  and 
more  rounded  blocks  which  are  usually  found  at  considerable  di- 
stances from  the  original  sources  whence  they  have  been  derived. 

*  Transactions  of  the  Phfl.  Soc  of  Cambridge,  voL  viii.  Part  2. 
t  See  also  Morchison's  *  Russia,' 


1851.] 


BUNBURY  ON  A  FOSSIL  FERN. 


31 


December  3,  1851. 

T.  A.  Tagg,  Esq.,  the  Rev.  H.  M.  De  la  Condamine,  and  W.  B. 
Beaumont,  Esq.  were  elected  Fellows. 

The  following  communications  were  read : — 

1 .  Description  of  a  peculiar  Fossil  Fern  from  the  Sydney  Coal 
Field,  Cape  Breton.  By  C.  J.  F.  Bunbury,  Esq.,  For.  Sec. 
G.S. 

[Pl.  I.] 

The  fossil  plant  of  which  I  propose  to  give  an  account  was  commu- 
nicated to  me  some  time  ago  by  Richard  Brown,  Esq.,  from  the  coal- 
mines of  Sydney,  Cape  Breton.  I  hare  shown  it  to  several  of  my 
most  learned  friends,  both  botanists  and  geologists,  who  have  all 
pronounced  it  to  be  entirely  different  from  anything  they  had  pre- 
viously seen ;  nor  have  I  been  able  to  find  any  fossil  with  similar 
characters  represented  in  any  published  work.  The  appearance  of 
the  specimen  is  indeed  so  peculiar  and  extraordinary,  that  its  dis- 
coverer, who  is  well  known  to  have  an  intimate  acquaintance  with 
the  fossils  of  the  Sydney  coal-field,. conceived  it  to  present  an  actual 
union  of  the  structures  and  characters  of  two  distinct  families.  I  have 
thought,  therefore,  that  a  careful  description  and  figure  of  so  singular 
a  fossil  might  not  be  unacceptable  to  the  Geological  Society.  Al- 
though I  fear  I  must  confess  myself  unable  to  give  a  very  satisfactory 
explanation  of  the  anomalies  which  it  presents,  still  it  seems  desirable 
that  the  peculiarities  of  a  specimen,  at  present  unique,  should  be  put 
upon  record ;  and  this  notice,  by  exciting  attention  and  discussion, 
may  perhaps  lead  to  a  complete  elucidation  of  the  subject. 

The  slab  of  shale  now  before  us  exhibits  four  distinct  portions  of 
stem,  which,  from  their  relative  position  and  proportion,  may  reason- 
ably be  supposed  to  have  belonged  to  one  plant.  The  largest,  and  that 
which  appears  to  be  the  main  stem,  is  about  4  inches  long  and 
half  an  inch  broad,  retaining  pretty  nearly  this  breadth  for  about 
half  its  length,  and  then  tapering  very  gradually  to  the  upper  end. 
In  direction  it  is  wavy,  curving  first  slightly  to  one  side,  and  then 
more  decidedly  to  the  other,  with  so  gentle  and  easy  a  curve  as  seems 
to  show  that  this  flexure  was  natural,  and  not  the  effect  of  pressure 
or  violence.  It  shows  no  tendency  to  a  dichotomous  division,  but 
bears  three  small  and  short  lateral  branches,  which  seem  to  be  in- 
completely developed.  The  situation  of  these  branches  is  irregularly 
alternate.  The  other  stems  which  appear  in  the  specimen  are  much 
more  slender,  and  although  their  connexion  with  the  main  stem  is 
lost,  may  be  conjectured  to  be  branches  which  sprung  trom  it  lower 
down.  They  likewise  are  curved,  with  an  easy  and  evidently  natural 
flexure,  and  two  of  them  exhibit  very  plainly  the  circinate  or  involute 
curvature  characteristic  of  Ferns.  The  surface  of  the  main  stem  is 
pitted  all  over  rather  slightly  and  irregularly ;  the  pits  seeming  to 
indicate  the  insertions  of  scales  or  hairs,  or  some  such  appendages ; 
there  are  no  definite  areolae  nor  leaf-scars.  In  the  smaller  stems, 
or  branches,  on  the  other  hand,  the  surface  presents  an  appearance 
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not  unlike  that  of  the  young  branches  of  Lepidodendron  elegant, 
being  marked  with  wavy  and  often  intersecting  striae  which  form  im- 
perfect areoles ;  but,  on  closer  examination,  we  find  that  these  areoles 
are  not  symmetrical  or  well-defined,  nor  do  they  bear  any  distinct 
scars  of  insertion. 

I  now  proceed  to  describe  what  is  most  remarkable  in  this  fossil, — 
the  leaves  or  appendages  which  it  bears.  On  all  the  stems,  and  par- 
ticularly on  the  largest,  we  observe  great  abundance  of  what  appear 
to  be  acicular  leaves,  certainly  much  resembling  those  of  some  species 
of  Lepidodendron.  These  are  very  closely  crowded,  very  narrow, 
sharp-pointed,  and  with  few  exceptions,  strongly  incurved ;  for  the 
most  part  indeed  they  are  at  first  inclined  downward,  or  towards 
the  base  of  the  stem,  and  then  strongly  curved  in  the  opposite  di- 
rection. Some  of  them  show  rather  indistinct  appearances  of  a 
central  rib  or  ridge.  The  largest  stem  is  thickly  clothed  throughout 
its  length,  and  its  lateral  branches  most  densely,  with  these  apparent 
leaves ;  they  are  now  seen,  indeed,  only  on  the  right  and  left  sides, 
or  margins  of  the  stem,  as  it  lies  imbedded  in  the  stone,  but  I  con- 
ceive that  they  did  exist  likewise  on  the  side  which  is  now  laid  bare, 
and  which  is  marked  with  the  pits  already  mentioned.  One  of  the 
smaller  stems  is  clothed  with  them  along  the  whole  length  of  one 
side;  on  the  remaining  two  they  appear  partially,  occupying  only 
certain  portions,  and  being  scarcely  discoverable  on  others.  But, 
besides  these  acicular  leaves,  which  much  resemble  those  of  a  Lyco- 
podium,  the  smaller  stems  bear  what  are  indisputably  the  leaves  or 
fronds  of  a  small  Fern,  apparently  in  an  early  and  imperfectly  deve- 
loped state.  These  spring  alternately  from  the  two  sides  of  the  stem, 
but  not  uniformly,  for  they  are  wanting  where  the  stems  are  most 
thickly  clothed  with  the  acicular  leaves ;  some  of  these  latter,  how- 
ever, are  visible  between  the  insertions  of  the  fronds.  The  largest 
frond  is  about  an  inch  long.  They  are  of  an  oblong  outline,  narrow 
in  proportion  to  their  length,  and  much  resemble  the  pinnae  of  some 
of  the  more  delicate  species  of  Pecopteris,  of  the  section  Unites,  such 
as  P.  plumosa  and  P.  dent  at  a.  The  back  of  the  rhachis,  where  it  is 
exposed  to  view,  appears  to  be  clothed  with  minute,  narrow,  pointed 
scales  or  appendages,  resembling  in  miniature  the  supposed  "  acicular 
leaves"  on  the  stem. 

Such  are  the  appearances  presented  by  this  singular  fossil.  That 
both  the  kinds  of  leaves,  or  leaf-like  appendages,  which  I  have  de- 
scribed, really  belong  to  the  stems,  and  that  the  appearances  are  not 
due  to  any  casual  juxtaposition,  will,  I  think,  be  quite  evident  to 
every  one  who  examines  the  specimen.  Mr.  Richard  Brown,  the  dia- 
rovercr  of  the  fossil,  supposed  it  to  be  a  peculiar  species  of  Lepido- 
demhon,  bearing  two  different  kinds  of  foliage, — namely,  the  leaves 
iiruptr  to  that  genus,  and  the  fronds  of  a  true  Fern ;  and  thus  in  fact 
emu  hilling  in  one  plant  the  characters  of  the  two  families.  Now,  it 
t  a  inly  true  that  the  two  orders*  of  Club-mosses  and  Ferns, 

*  I  wume  what  I  think  has  been  sufficiently  proved  by  M.  Brongniart,  that  the 
J  jpkkxtrmdrm  belonged  to  the  family  of  Lycopodimee*,  or  were  at  any  rate  moat 
ttatelv  rrUted  to  them. 
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although  in  general  widely  different  in  their  outward  appearance,  are 
very  closely  allied  in  all  essential  points  of  structure,  so  that  all  bo- 
tanists have  agreed  in  placing  them  next  to  one  another,  and  some  of 
the  most  eminent  have  even  united  them  under  one  head.  Sir  W. 
Hooker,  for  instance,  in  two  or  three  of  his  admirable  works  on  Ferns, 
has  actually  comprehended  the  Club-mosses  as  a  subordinate  group. 
Hence  it  would  not  be  utterly  inconceivable,  that,  in  a  former  state  of 
the  world,  there  should  have  existed  plants  combining  some  of  the 
peculiarities  of  the  two  orders,  'and  uniting  them  more  closely  than  is 
done  by  any  existing  form.  I  am  inclined  to  think,  however,  that 
this  hypothesis  is  not  applicable  to  the  specimen  now  before  us. 

On  a  close  examination  of  the  stem,  we  shall  fail,  I  think,  to  dis- 
cover the  proper  characters  of  a  Lepidodendron.  There  is  no 
appearance  of  that  regular  dichotomous  division  which  has  been 
justly  insisted  on  by  M.  Brongniart  as  an  important  characteristic  of 
Lepidodendron;  on  the  contrary,  the  only  stem  in  this  specimen 
which  is  branched,  has  branches  irregularly  alternate,  and  very  in- 
ferior in  size  to  the  main  axis.  Again,  the  stems  here  have  a  wavy 
and  winding  character,  an  appearance  of  softness  and  flexibility,  which 
I  have  not  seen  in  any  genuine  Lepidodendron.  In  L.  elegant  and 
L.  gracile,  the  most  branched  kinds  with  which  I  am  acquainted, 
even  the  youngest  and  slenderest  branches  are  almost  always  straight, 
and  have  a  certain  rigidity  of  character  which  is  wanting  here. 
Again,  although  the  younger  parts  of  the  stem,  in  the  specimen  before 
us,  exhibit  superficial  markings  a  good  deal  like  those  of  the  young 
branches  of  a  Lepidodendron,  yet  the  areoles  are  irregular  and  ill- 
defined,  and  without  distinct  leaf-scars.  On  the  main  stem  all 
appearance  of  regular  and  definite  areoles  has  vanished,  and  the 
surface  is  merely  indented  or  pitted,  in  a  manner  very  similar  to  what 
we  observe  in  undoubted  fossil  Fern-stalks  (stipites).  On  the  other 
hand,  it  is  well  known  how  definite  and  regular  are  the  areolar  mark- 
ings of  true  Lepidodendra,  even  on  stems  of  great  size  and  age9". 

For  these  reasons,  I  can  hardly  believe  that  any  part  of  the  spe- 


mention,  too,  that  when  f  showed  it  to  the  greatest  of  modern  bo- 
tanists, he  pronounced  the  plant  to  be  truly  a  Fern,  and  nothing 
else. 

The  conjecture  I  have  to  offer — for  I  can  call  it  no  more  than  a 
conjecture — is  that  this  curious  fossil  may  possibly  be  a  Fern  with  a 
creeping  stem  or  rhizome,  such  as  are  so  commonly  seen  in  moist 
tropical  climates,  creeping  like  ivy  over  mossy  rocks  and  old  trunks 
of  trees.  Polypodium  incanum,  P.  percussum,  P.  vaccini/olium,  and 
P.  lycopodioides  are  well-known  examples  of  this  mode  of  growth, 
and  are  often  to  be  seen  in  botanical  collections.  The  creeping  stem 
of  such  Ferns  has  often  a  striking  resemblance  at  first  sight  to  a 
Lycopodium,  as  indeed  is  indicated  by  the  name  of  one  of  the  plants 
above-mentioned.  At  the  same  time  it  is  by  no  means  regularly 
dichotomous,  but  has  an  irregular  ramification,  often  very  similar  to 

*  L.  telaginoidet  (of  the  "  Foss.  Flora")  is  an  apparent  exception,  but  I  strongly 
suspect  that  it  is  not  a  true  Lepidodendron* 
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that  of  the  fossil  from  Cape  Breton.  I  have  already  noticed  that  the 
older  parts  of  the  stem,  in  this  fossil,  hear  superficial  markings 
similar  to  what  are  often  seen  on  the  fossil  stalks  or  stipites  of  Ferns. 
And  as  these  marks  are  admitted,  in  the  one  case,  to  be  due  to  the 
removal  of  chaffy  scales,  or  other  such  appendages  of  the  epidermis, 
so  I  think  we  may  suppose  them  to  be  of  similar  origin  in  the  other 
case.  I  am  not  of  opinion,  however,  that  the  stems  m  the  specimen 
before  us  can  be  properly  the  stipites  of  Ferns ;  for  their  ramification, 
and  especially  the  insertion  of  the  fronds,  is  too  irregular.  On  the 
other  nand,  the  position  of  these  fronds  and  their  insertion  on  the 
stems  appear  to  me  consistent  with  the  supposition  that  the  whole 
belonged  to  a  creeping  Fern. 

It  remains  to  explain  what,  on  this  hypothesis,  could  be  the  nature 
of  those  appendages  which  so  much  resemble  the  leaves  of  a  Lepido- 
dendron.  The  only  explanation  I  can  suggest  is,  that  they  may 
possibly  have  been  scales  (palea),  of  the  same  nature  as  those 
which  are  so  commonly  found  to  clothe  the  creeping  stems  of  Ferns. 
I  must  own,  that  among  the  recent  Ferns  with  a  stem  of  this  cha- 
racter, I  do  not  know  any  with  scales  similar  to  these  in  form  or 
texture.  But  in  Lomaria  MagelUtnica,  a  Fern  indeed  very  unlike 
our  fossil  in  other  respects,  the  rhizome  and  base  of  the  stipes  are 
clothed  with  long,  narrow,  pointed  scales,  of  a  peculiarly  rigid  cha- 
racter, and  bearing,  as  I  think,  no  small  resemblance  to  the  apparent 
leaves  of  the  fossil  in  question.  What  strengthens  my  suspicion 
that  these  leaf-like  bodies  may  be  mere  scales,  is  the  presence  of 
apparently  similar,  though  much  more  minute,  appendages  on  the 
rkachi*  of  one  of  the  fronds. 

The  only  figure  I  have  met  with  that  bears  any  resemblance  to  this 
fossil,  is  that  of  Selaginite9  Erdmanni,  in  the  sixth  part  of  Germar's 
fine  work  on  the  fossils  of  Wettin.  The  plant  there  figured,  although 
much  larger  than  ours,  has  a  certain  degree  of  resemblance  to  it  in 
ramification,  and  in  the  marking  of  its  surface  (particularly  fig.  A. 
pi.  26).  The  Wettin  fossil,  however,  does  not  present  the  Inform 
aspect  which  is  so  extnwrdinary  in  ours.  Notwithstanding  the  opi- 
nion of  so  eminent  a  naturalist  as  M.  Germar,  I  cannot  help  feeling 
great  doubts  whether  his  Selaginites  really  belongs  to  Lycopodiaee^t. 
Its  ramification  appears  to  me  too  irregular,  its  general  form  too 
thick  and  clumsy  for  that  order  of  plants,  and  the  supposed  leaves 
with  which  its  surface  is  covered,  appear  (in  the  plate)  more  like 
scales  than  true  leaves. 

To  return  to  our  Cape  Breton  fossil.  If  my  explanation  of  its 
structure  be  correct  (of  which  I  feel  by  no  means  confident),  it  will 
indeed  be  less  wonderful  than  was  at  first  supposed,  but  will  yet  be 
an  uncommonly  interesting  specimen ;  for  instances  of  the  fronds  of 
fossil  Ferns  still  attached  to  the  stem  are  exceedingly  rare.  In  for- 
mations of  a  later  age  than  the  Coal-measures  (the  Gres  bigaire*  and 
the  Wealden),  a  very  few  specimens  have  been  found  of  Ferns*  with 
the  fronds  still  in  their  natural  position,  springing  in  a  tuft  from  a 
small  knotty  rhizome ;  but  I  am  not  aware-  that  anything  similar  has 
•  Sec  the  works  of  Schimper  and  Mougeot,  and  of  Duaker. 
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been  observed  in  the  Coal-formation.  The  rarity,  indeed,  of  recog- 
nizable stems  of  Ferns  in  this  formation,  when  compared  with  the 
profusion  of  their  leaves,  is  quite  remarkable,  and  might  incline  one 
to  suspect  that  these  plants  were  not  fossilized-  on  the  spot  where 
they  grew.  It  is  rare  to  find,  in  the  Ferns  of  the  Coal-measures,  even 
the  stipes  or  leaf-stalk  completely  preserved  down  to  its  base:  the 
only  specimen  of  this  kind  that  I  have  seen  is  a  beautiful  Sphe- 
nopteris  (I  believe  S.  elegans)  from  the  Edinburgh  coal-field,  in  the 
collection  of  Mr.  Hugh  Miller.  On  the  other  hand,  the  state  of 
preservation  of  the  fronds  themselves  seems  to  show  that  they  cannot 
nave  been  transported  from  any  great  distance,  and  I  am  well  aware 
that  there  are  strong  geological  objections  to  any  hypothesis  of 
drifting,  especially  when  we  consider  the  vast  extent  of  some  coal- 
fields. It  is  possible  that  a  diligent  examination  of  the  immense 
carboniferous  deposits  of  the  United  States  and  New  Brunswick  may 
hereafter  throw  some  light  on  various  obscure  questions,  both  in 
Geology  and  Palseo-botany. 


2.  On  the  Lower  Paleozoic  Rocks  at  the  Base  of  the  Carbo- 
niferous Chain  between  Ravenstonedale  and  Ribbles- 
dale.    By  the  Rev.  A.  Sedgwick,  F.R.S.,  G.S.  &c. 

A  glance  of  the  eye  over  the  geological  map  of  England  shows  us, 
in  the  upper  part  of  the  valley  of  the  Eden,  a  very  remarkable  re- 
entering angle  in  the  base-line  of  the  Carboniferous  Limestone. 
Taking  our  point  of  departure  from  the  foot  of  Stainmoor,  we  trace 
the  Pennine  Chain  (which  at  Cross  Fell  reaches  the  height  of  nearly 
3000  feet)  in  a  direction  about  N.E.  by  N. ;  and  the  Yorkshire  pro- 
longation of  the  same  carboniferous  chain  in  a  direction  about  S.S.W. ; 
while  another  carboniferous  chain,  branching  off  from  the  former 
near  Kirkby  Stephen,  may  be  traced  in  a  semicircular  sweep  round 
the  northern  flanks  of  the  great  Cumbrian  cluster  of  mountains.  The 
re-entering  angle  in  the  base-line  of  the  Pennine  chain  is  partly  ac- 
counted for  by  the  intersection  of  two  enormous  breaks  or  faults — 
the  Pennine  fault  and  the  Craven  fault*  ;  and  the  whole  country, 
from  Brough  and  Kirkby  Stephen  to  the  foot  of  Stainmoor,  is  filled 
with  broken  masses  of  the  Pennine  chain,  which  have  been  rent  off 
by  the  two  lines  of  fracture,  and  thrown  down,  in  great  confusion, 
into  the  lower  parts  of  the  valley. 

The  Craven  fault  has  been  described  in  considerable  detail  by  Pro- 
fessor Phillips  f  and  myself  %.    The  Pennine  fault,  ranging  near  the 

*  See  Phillips's  IUustr.  Geol.  Yorksh.  Part  2.  pi.  24.  fig.  14,  and  Geological 
Map,  pL  25. 

f  Trans.  Geol.  Soc.  2nd  Ser.  vol.  iii.  pp.  5-15 ;  and  Geol.  Yorkshire,  pp.  107, 
120,  &c 

X  Trans.  Geol.  Soc  2nd  Ser.  vol.  iv.  p.  60  et  teg.,  and  69  et  teq.  I  gave  this 
great  break  among  the  lower  strata  of  the  carboniferous  chain  the  name  of  the 
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base  of  the  Pennine  chain,  has  not  yet  been  carefully  described* ; 
and  although,  daring  former  years,  I  nave  followed  it  through  a  con- 
siderable portion  of  its  length,  it  is  not  my  object  to  enter  on  any 
general  description  of  it  in  this  place.  I  may,  however,  remark,  that 
some  fragments  of  the  carboniferous  series  on  the  western  side  of  the 
fault  are  full  2000  feet  below  what  we  might  call  their  natural  posi- 
tion in  the  great  Pennine  chain.  Can  we  then  say,  that  the  Pennine 
fault  ever  produces  a  downcast  of  2000  feet  on  its  western  side  f  .  In 
a  certain  geological  sense  we  might  make  the  assertion  correctly ;  for 
on  the  opposite  sides  of  the  fault  there  is  an  actual  change  of  the 
geological  horizon  amounting  to  more  than  2000  feet.  But  in  the 
stricter  sense  in  which  the  word  fault  is  used  by  miners  and  prac- 
tical men,  there  is  never  (so  far  as  I  have  seen  the  Pennine  fault) 
anything  like  an  upcast  or  a  downcast  of  2000  feet. 

In  the  normal  condition  of  a  fault  we  have  a  nearly  vertical  frac- 
ture ;  and,  if  we  can  examine  the  beds  immediately  on  the  opposite 
sides  of  the  fracture,  we  can  determine  correctly  the  quantity  of  up- 
cast or  downcast  produced  by  the  fault.  Such  are  the  faults  described 
in  our  coal-fields  and  other  mining  districts.  But  in  the  grander 
dislocations  (such  as  the  Pennine  and  Craven  faults)  the  lines  of 
fracture  are  seldom  of  a  simple  nature ;  and  the  beds,  on  the  oppo- 
site sides  of  the  lines  of  break,  have  seldom  the  same  dip  and  incli- 
nation :  and  hence  it  follows,  that  at  a  comparatively  short  distance 
from  the  lines  of  dislocation  there  may  be  an  enormous  change  in  the 
geological  horizon,  mainly  produced  by  a  change  of  dip ;  although, 
at  the  same  time,  the  upcast  or  downcast  along  the  actual  line  of 
break  amounts  to  a  quantity  that  is  comparatively  insignificant  f. 

I  am  here  stating  what  is  little  more  than  a  truism ;  yet  it  has 
sometimes  been  lost  sight  of,  if  not  in  the  speculations,  at  least  in 
the  language  of  geologists.  To  explain  my  meaning  I  will  quote  two 
instances.  Between  Brough  and  the  foot  of  Stainmoor,  the  disloca- 
tions produced  by  the  Pennine  fault  are  so  complicated  that  I  know 
not  how  to  represent  them;  but  in  the  hills  immediately  above 
Brough,  the  relations  of  the  strata  are,  I  believe,  correctly  represented 
by  the  accompanying  section  (fig.  1),  which  crosses  the  line  of  the 
Pennine  fault.  Close  to  Brough,  and  at  a  low  level,  are  some  beds 
of  the  carboniferous  series,  which  are,  geologically,  far  above  the 
great  Scar  Limestone;  but  their  representatives  in  the  unbroken 
chain,  on  the  other  side  of  the  fault,  are  at  a  much  higher  level,  and 

"  Craven  fault, n  in  reference  to  the  labours  of  Professor  Phillips,  \a  he  had  pre- 
ceded me  in  a  description  of  the  southern  end  of  the  fault  where  it  passes  into  the 
division  of  Yorkshire  called  Craven.  With  some  of  its  phenomena,  in  its  range 
from  Ingleton  to  the  foot  of  Stainmoor,  I  had,  however,  been  familiar  for  many 
years ;  as  it  crosses  my  native  valley  of  Dent,  about  half  a  mile  below  the  village, 
dislocating  and  setting  on  edge  all  the  lower  limestone  beds.  These  "  edge-beds," 
well  known  to  all  the  quarry  men  of  the  neighbourhood,  greatly  affect  the  external 
features  of  the  country  through  which  they  pass. 

*  Dr.  Buckland's  observations  on  the  dislocated  district  near  Cross  Fell  appeared 
in  the  Trans,  GeoL  Soc  1st  Ser.  voL  iv.  p.  105  el  $eq. 

t  These  facts  are  noticed  and  well  illustrated  in  the  paper  by  Professor  Phillips, 
referred  to  above. 
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over  the  first  crest  of  the  neighbouring  mountains.  Yet  if  we  ascend 
to  the  line  of  break,  which  passes  through  the  Scar  Limestone,  al- 
though we  find  unequivocal  marks  of  dislocation,  we  do  not  find  any 
very  great  change  of  level  between  the  limestone  beds  on  the  oppo- 
site sides  of  the  break.  Here,  therefore,  the  great  downcast  at  Brough, 
although  connected  with  the  Pennine  fault,  is  produced  mainly  by  the 
change  of  dip,  and  not  by  any  great  downcast  at  the  line  of  break. 

Again,  I  may  appeal  to  the  Black  Burton*  coal-field,  the  beds  of 
which  exist  at  a  level  of  1600  or  1800  feet  below  that  of  the  top  of 
Ingleborough.  It  might  be  said,  that  in  their  more  natural  position 
they  ought  to  be  one  or  two  thousand  feet  above  the  top  of  that 
mountain ;  and  hence  it  has  been  sometimes  asserted  that  the  fault 
which  passes  at  the  base  of  Ingleborough  must  have  produced  a 
downcast  of  more  than  2000  feet.  In  a  certain  sense  this  may  be 
true ;  for  the  present  anomalous  position  of  the  Black  Burton  coal- 
field may  have  been,  and  probably  was,  produced  by  the  same  kind 
of  disturbing  forces  which  produced  the  Craven  fault.  But,  in  the 
miner's  sense,  there  is  no  very  great  fault  at  the  immediate  base  of 
Ingleborough.  There  are  the  unequivocal  marks  of  a  fracture,  and 
there  is  a  great  change  of  dip  on  the  western  side  of  the  line  of  frac- 
ture ;  but  immediately  on  the  opposite  sides  of  the  break,  there  is  no 
great  change  of  level  in  the  corresponding  beds.  In  fact,  the  position 
of  the  coal-field  arises  from  a  complication  of  nearly  contemporaneous 
movements,  which  have  been  admirably  described  by  Professor  Phil- 
lips f,  and  belong  not  to  the  discussions  of  this  paper  J. 

I  have  extended  the  section  above-noticed  (fig.  1)  across  the  low 
country  between  Brough  and  Kirkby  Stephen,  to  show  the  effects  both 
of  the  Pennine  and  Craven  faults :  but  I  have  drawn  the  line  in  such 
a  manner  as  to  leave  out  some  very  confused  masses  of  carboniferous 
rocks  which  have  been  thrown  down,  in  most  perplexing  confusion, 
into  the  upper  part  of  the  valley,  near  the  intersection  of  the  two 
lines  of  fracture.  And  I  may  here  remark,  as  I  have  done  in  a  former 
paper,  that  the  magnesian  conglomerates,  close  to  Brough,  have  been 
tilted,  by  the  action  of  the  Pennine  fault,  in  the  same  manner  as  the 
carboniferous  beds  on  which  they  rest ;  whilst  the  same  conglome- 
rates near  Kirkby  Stephen  rest  almost  horizontally  on  the  edges  of 
the  beds  which  have  been  tilted  by  the  action  of  the  Craven  fault : 
and  hence  we  may  conclude,  that  the  two  faults,  although  both  pro- 

*  See  Sections,  Trans.  GeoL  Soc  2nd  Ser.  vol.  iv.  pi.  5.  fig.  3 ;  and  Phil.  Geol. 
Yorksh.  pL  24.  fig.  I;  and  Map  of  the  Craven  District,  Trans.  GeoL  Soc  2nd  Ser. 
voL  iii.  pi.  2. 

f  See  Illuit.  GeoL  Yorkshire,  Part  2.  p.  126  el  $eq. ;  and  Section  No.  1.  pL  24. 

X  I  bare  been  informed  by  some  of  the  old  miners  in  the  Black  Burton  coal- 
field, that  many  years  since,  when  they  attempted  to  push  their  works  towards 
Inglcton,  the  beds  became  utterly  confused  and  broken,  and  that  in  one  place  they 
became  nearly  perpendicular,  and  were  consequently  deserted.  Professor  Phillip* 
has  indeed  proved  that  this  coal-field  take*  not  its  dip  and  rise  from  the  limestone 
immediately  on  the  west  side  of  the  Craven  fault,  but  from  another  highly  inclined 
calcareous  chain  (Report  Lancaster  Mining  Company,  4 to,  1837).  there  are  se- 
veral great  breaks  and  downca&ts  between  Ingle  ton  and  Black  Burton,  consider- 
ably to  the  west  of  the  great  Craven  fault. 
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duced  near  the  end  of  the  palaeozoic  period,  were  not  strictly  contem- 
poraneous— the  Craven  fault  being  the  older  of  the  two. 

The  previous  remarks  may  help  to  prevent  any  mistake  from  the 
use  of  the  word  fault  in  the  sense  in  which  it  has  been  applied  to  the 
Craven  and  Pennine  faults.  To  describe  faults  of  this  kind,  we  want 
some  new  technical  word.  They  are  neither  anticlinals  nor  syncli- 
nals ;  nor  are  they  faults  in  the  technical  sense  of  the  word.  The 
word  break,  if  geologists  would  consent  to  use  that  word  technically, 
might  perhaps  serve  for  their  designation. 

In  a  fault  of  the  normal  kind,  the  downcast  is  almost  universally 
continued  on  one  side  of  the  line  of  break :  but  along  the  line  of  the 
Craven  fault  this  is  by  no  means  the  case.  Its  effects  near  Rirkby 
Stephen  are  seen  in  the  previous  section,  fig.  1 ;  and  they  produce, 
on  the  whole,  a  great  downcast  of  the  masses  on  the  west  side ;  not, 
however,  in  all  cases,  a  downcast  immediately  on  the  west  side  of  the 
break.  But  through  Ravens tonedale,  the  valleys  of  Sedbergh  and 
Dent,  and  the  valley  between  Dent  and  Kirkby  Lonsdale  (Barbon- 
dale),  the  effects  are  extremely  complicated;  being  interrupted  or 
modified  by  the  immediate  contact  of  the  Cambrian  and  Silurian 
rocks*.  But  where  the  line  of  dislocation  emerges  from  among  the 
older  mountains,  for  example  near  Ingleton,  we  again  see  the  marks 
of  very  complicated  movements, — producing,  on  the  whole,  a  great 
downcast  on  the  western  side. 

Lastly,  I  would  remark  that  the  older  rocks  were  consolidated  and 
elevated  before  the  epoch  of  the  Craven  and  Pennine  faults ;  and  that 
these  lines  of  fault  were  probably  not  so  much  produced  by  well-de- 
fined axes  of  elevation,  as  by  unequal  pressure  arising  from  a  very 
uneven  surface  of  the  older  strata,  urged  upwards  by  new  forces  of 
elevation,  and  not  acting  on  single  lines,  but  affecting  large  tracts  of 
country  at  the  same  moment.  In  confirmation  of  this  view,  I  may 
further  remark,  that  the  breaks  of  the  carboniferous  strata  along 
these  lines  of  fault  do  not  always  appear  to  pass  downwards  into  the 
Cambrian  and  Silurian  strata,  on  which  the  carboniferous  mountains 
rest.  If  this  conclusion  be  confirmed,  it  will  give  us  an  additional 
reason  for  using  some  new  technical  word  to  describe  a  fault  which 
only  affects  the  upper  beds  of  a  great  vertical  section,  without  much 
affecting  the  lower  beds. 

In  a  former  paper,  published  in  the  Journal  of  the  Society  f,  I  have 
shown  that  a  series  of  beds — the  exact  equivalents  of  the  Coniston 
limestone — range  through  a  part  of  Ravenstonedale,  down  the  valley 
of  Sedbergh  J,  and  thence  into  the  valley  of  Dent,  on  a  line  which 
passes  a  little  on  the  west  side  of  the  Craven  fault.  This  might  sug- 
gest the  conclusion,  that  the  same  elevatory  movements  which  pro- 

*  For  details  see  the  Papers  previously  referred  to ;  and  Phillips,  he.  cit.  pi.  24. 
*g.  14. 

f  Quart.  Journ.  Geol.  Soc.  voL  U.  p.  120. 

X  Down  a  part  of  the  valley  of  Sedberth  the  range  of  the  Coniston  limestone 
is  concealed  under  the  conglomerates  of  the  Old-red-sandstone :  but  the  presence 
of  the  limestone,  immediately  under  the  conglomerates,  is  almost  demonstrated  by 
the  very  numerous  calcareous  pebbles,  containing  fine  Coniston  fossils,  which  are 
found  dispersed  through  these  conglomerates. 
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duced  the  Craven  fault  had  also  brought  up  the  Coniston  limestone 
in  the  places  above  indicated.  I  do  not,  nowever,  think  that  this 
conclusion  would  be  true ;  for  we  have  a  perfect  proof,  in  numberless 
sections,  that  all  the  older  rocks  were  elevated,  contorted,  and  solidi- 
fied before  the  existence  of  the*  carboniferous  limestone ;  and  hence 
I  should  conclude,  that  there  was  an  ancient  ridge  of  hills,  partly 
perhaps  subaerial  and  partly  submarine,  striking  nearly  in  the  actual 
direction  of  the  Craven  fault,  and  that  the  carboniferous  limestone 
was  afterwards  deposited  partly  over,  and  partly  abutting  against  this 
ancient  ridge ;  hence,  that  during  a  subsequent  period  of  elevation, 
this  ancient  ridge  may  not  only  have  mechanically  produced  the  frac- 
tures of  the  Craven  fault,  but  also  may  have  denned  its  direction : 
in  other  words,  that  the  Coniston  limestone  and  the  associated  rocks 
were  the  mechanical  implements  which  produced  the  Craven  mult ; 
and  that  this  fault  had  very  little  effect  upon  the  relative  position  of 
these  rocks,  and  comparatively  little  effect  upon  their  elevation. 

This  limitation  must  not,  however,  be  carried  too  far.  The  older 
rocks  may  have  been,  and  probably  were  rent  asunder  in  many  places 
along  the  line  of  disturbance  which  produced  the  Craven  fault ;  and 
we  have  proof  positive  that  some  great  cross-fractures,  which  appear 
to  be  connected  with  it,  have  affected  the  older  rocks  as  much  as  the 
carboniferous  limestone  which  rests  upon  them.  A  fine  example  of  this 
kind  is  seen  below  Horton  in  Ribblesdale,  and  is  represented  in  one  of 
the  accompanying  sections  (fig.  5,  p.  47)*.  Whatever  may  be  thought 
of  the  previous  speculations,  it  appears  certain  that  while  the  Craven 
fault  was  in  progress  of  formation,  many  cross-fractures  interrupted 
the  continuity  of  the  carboniferous  beds,  and  prepared  the  way  for  a 
series  of  lateral  valleys,  such  as  those  on  both  sides  of  Ingleborough, 
and  those  between  Clapham  and  Horton  in  Ribblesdale.  It  is  to  these 
lateral  valleys  that  we  owe  our  knowledge  of  a  series  of  old  and  highly 
inclined  rocks,  which  form  the  base  of  the  carboniferous  chain  in  the 
neighbouring  parts  of  Yorkshire.  In  proceeding  to  notice  some  of 
the  older  rocks  which  break  out  near  the  line  of  the  Craven  fault,  I 
shall  begin  with  a  section  through  some  of  the  hills  of  Ravenstone- 
dalef,  which  I  visited  during  the  past  summer ;  then  (passing  over 
the  corresponding  sections  in  the  valleys  of  Sedbergh  and  Dent,  in- 
asmuch as  1  have  in  those  places  nothing  to  add  to  sections  I  have 
already  published  J)  proceed  to  describe  the  sections  near  Ingleton, 
and  lastly  the  sections  between  Clapham  and  Horton  §.  The  latter 
sections  have  been  well  described  by  Professor  Phillips  || ;  but  at  the 
time  his  memoir  was  written,  it  was  impossible  for  him  to  determine 
the  place  of  the  older  rocks  in  the  Palaeozoic  series,  as  no  typical 
groups  were  then  established.  My  object  is  to  avoid  unnecessary  de- 
tails, to  take  for  granted  what  he  has  proved,  and  to  produce  some 

•  The  cross-fruit  here  alluded  to  hat  been  weU  explained  and  represented  by 
Professor  Phillips,  Trans.  GeoL  Soc  2nd  Ser.  voL  iii.  p.  13,  and  Section, 
f  See  also  Sections,  fig.  9,  Ac,  Trans.  Oeol.  Soc.  2nd  Ser.  vol.  iv.  pL  6. 
X  See  Quart.  Journ.  Geo).  Soc  voL  ii.  p.  120  and  121. 

f  See  also  the  Paper  and  Sections  by  the  Author,  Trans.  Geo).  Soc  2nd  Ser. 
vol.  iv.  Part  1. 

II  Trans.  Geol.  Soc  2nd  Ser.  vol.  iii. 
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new  evidence  which  fell  under  my  observation  during  the  past  summer, 
and  seemed  to  determine  very  nearly  the  palaeozoic  place  of  the  older 
strata  near  Ingleton  and  Horton  in  Ribblesdale. 

Ravenstonedale  Section.  Fie.  2,  p.  37. — This  section  commences 
with  the  horizontal  beds  of  Wild  Boar  Fell,  the  highest  of  which  be- 
long to  the  Millstone  Grit ;  it  then  crosses  the  Craven  fault,  and  the 
dislocated  masses  of  limestone,  on  its  western  side,  which  come  down  to 
the  road  called  Ravenstonedale  Street,  and  abut  unconformably  against 
a  series  of  calcareous  slates  that  are  filled  with  Coniston-limestone 
fossils.  It  then  passes  over  the  high  ridge  of  Harter  Fell,  and  thence 
descends  to  Ravenstonedale  Town,  and  over  the  long  limestone  ridge 
of  Ravenstonedale  Park  as  far  as  the  very  remarkable  transverse 
gorge  which  conveys  the  waters  through  Smardale  into  the  basin  of 
the  Eden.  This  line  makes  during  its  course  a  considerable  bend,  so 
that  it  may  intersect  the  successive  groups  of  rock  in  a  direction 
nearly  transverse  to  their  strike. 

(1 .)  I  profess  not  in  this  paper  to  describe  the  calcareous  chain  at 
the  S.E.  end  of  the  section ;  but  I  may  remark,  that  the  passage  of 
the  Craven  fault  produces  a  very  complicated  series  of  disturbances, 
which  I  have  here  very  inadequately  represented, — that  the  "  edge- 
beds,"  called  The  Clouds  (see  fig.  2),  are  above  the  natural  level  of  the 
great  Scar-limestone, — that  the  line  of  break  first  produces  an  upcast 
on  the  west  side,  and  then,  through  the  intervention  of  an  anticlinal, 
brings  the  same  beds  to  a  lower  level.  The  immediate  presence  of  the 
older  chain  makes  it  impossible  for  the  dislocated  limestone  to  descend 
to  a  much  lower  level.  It  has  first  been  broken  and  elevated  by  the 
action  of  the  Craven  fault,  and  then  jammed  between  the  two  moun- 
tain chains,  nearly  in  the  manner  here  represented. 

(2.)  The  Coniston  limestone  group  (fig.  2,  d)  has  been  described 
in  a  previous  paper*. 

(3.)  The  S.E.  flank  of  Harter  Fell  is  made  up  of  earthy  slates  and 
flagstones  (fig.  2,  c),  some  of  which  are  calcareous.  The  beds  are 
much  covered  with  overshot  matter,  but  contain  Graptolites  sagit- 
tariusf  and  Cardiola  interrupt  a.  These  are  the  exact  equivalent  of 
the  Coniston  flags. 

(4.)  The  hard  "Coniston  grits0  (fig.  2,  b)  are  next  seen  in  a 
very  characteristic  form,  not  far  from  the  crest  of  Harter  Fell.  I 
had  before  traced  this  remarkable  group  as  far  as  Cautley  Crags, 
and  I  have  now  completed  its  range  by  tracing  it  from  Cautley  Crags 
through  the  south  end  of  the  Screes ;  thence,  across  Winsterdale,  to 
a  high  mountain  ridge  called  Adamthwaite  Bank  ;  and  lastly  to  the 
north  flank  of  Harter  Fell.  It  is  chiefly  composed  of  hard  grey  grits, 
which  alternate  with  thin  bands  of  slate  and  flagstone,  sometimes 
showing  cleavage-planes ;  and  the  harder  and  coarser  grits  are  often 
marked  by  spherical  concretions,  which  sometimes  are  hard  and  stand 
out  in  relief;  but  commonly  are  more  or  less  earthy  and  decom- 
posing, and  have  been  weathered  out  of  the  hard  grits. 

*  See  Quart.  Journ.  Geol.  Soc  voL  ii.  p.  108  et  seq. 

t  I  believe  that  in  a  former  paper  (he.  eit.)  this  species  was  mistaken  for 
GraptoHtet  Ludemit. 
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(5.)  Over  the  preceding  group  comes  a  series  of  beds  (fie.  2,  a) 
which,  with  numerous  undulations,  breaks,  and  partial  changes  of 
strike,  descend  to,  and  pass  under,  the  Carboniferous  Limestone.  The 
rocks  are  in  many  places  deeply  covered  by  the  bog-earth  of  the 
mountains ;  but  some  beds  are  seen  in  the  watercourses  with  a  good 
transverse  cleavage,  and  among  them  are  some  old  deserted  slate- 
quarries,  in  which  the  cleavage-planes  are  beautifully  marked  by  the 
laminae  of  deposit.  The  slates  were  found  to  be  worthless ;  as,  in- 
deed, is  generally  the  case  where  the  laminae  of  deposit  are  very 
near  together  on  the  cleavage-planes.  The  slates  are  repeated  by 
undulations ;  and  in  a  deep  watercourse,  called  Lang  Gill,  we  found 
associated  with  them  a  fine  conglomerate  with  calcareous  concretions 
and  numerous  veins  of  calc-spar.  Phenomena  of  a  similar  kind 
are  found  in  Howgill  Fells ;  and  the  whole  group  deserves  notice,  as 
it  is  in  the  exact  geological  position  of  the  well-known  Ireleth  slate- 
quarries.  Farther  down  (in  a  watercourse  called  Gaze  Gill)  were 
numberless  alternations  of  coarse  grit  and  slate  (fig.  2,  a).  This  system 
was  much  broken,  the  strike  was  continually  shifting,  and  the  beds 
were  sometimes  very  highly  inclined.  On  reaching  a  still  lower  level, 
the  prevailing  dip  was  about  N.  or  N.  by  £.,  and  the  beds  became 
gradually  less  inclined  as  they  descended  towards  the  limestone.  In 
this  part  of  the  series  were  some  beautifully  striped  slates;  and 
among  the  more  earthy  beds  were  some  rare  instances  of  septarian 
balls  with  calcareous  veins.  The  only  fossil  found  among  them  was 
a  specimen  of  Graptolites  Ludensu. 

Making  a  traverse  over  the  moor-lands,  and  descending  from  the 
old  slate-quarries  above-noticed  by  Wygarth  Gill,  there  is  a  still  better 
section  of  the  group  under  notice.  The  beds  immediately  overlying 
the  quarry-rock  are  concealed,  but  in  Wygarth  Gill  we  first  found  a 
senes  of  1  brown  and  rather  earthy  flagstones,  alternating  with  whet- 
stone-slate and  with  masses  of  hard  blue  flagstone  containing  concre- 
tions more  or  less  calcareous.  Farther  down  are  beds  of  hard  grey 
gritstone,  alternating  with  flagstone.  The  beds  are  repeated  by  nu- 
merous undulations,  but  gradually  acquire  a  more  steady  dip,  nearly 
true  north,  and  at  an  angle  of  about  60°.  In  the  flagstones  of  this 
part  of  the  series  are  many  fossils,  which,  as  a  group,  are  perfectly 
identical  with  the  fossils  in  the  corresponding  beds  (over  the  hard 
grits)  in  Howgill  Fells.  We  have  here  the  beautiful  small  Pterinea 
tenuUtriata  of  Howgill  Fells  in  very  great  abundance.  Among  the 
fossils  was  a  new  species  of  Aspukuria*  which  will  be  figured  in  the 
'  Cambridge  Fasciculus,'  now  in  the  press. 

1  had  never  before  examined  this  line  of  section,  which  is,  on  se- 
veral accounts,  of  great  interest,  as  it  cuts  through  the  north-eastern 
protuberance  of  Ravenstonedale  Fells,  where  two  lines  of  elevation 
(one  striking  about  N.N.E.,  and  the  other  nearly  east  and  west)  run 
together.  The  beds  above-described  seem  to  have  been  broken, 
crumpled  up,  and  contorted  between  these  two  axes  of  disturbance  ; 
producing  tnat  protuberance  in  the  mountain-cluster,  round  which 
the  carboniferous  limestone  of  Ravenstonedale  is  wrapped,  after  it 
diverges  (towards  the  N.W.)  from  the  line  of  the  Craven  fault. 
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Bat  the  great  group  (fig.  2,  a,  a!),  however  much  disturbed,  is  in  its 
true  geological  order  in  the  series. 

At  Intack  Brow  are  traces  of  the  conglomerates  of  the  old-red- 
sandstone  ;  almost  buried,  however,  under  great  masses  of  drifted 
matter  which  has  descended  from  the  mountains.  Next  comes  the 
lowest  group  of  the  carboniferous  limestone,  which  is  unusually  com- 
pact in  structure,  is  rather  thin-bedded,  and  has  an  aggregate  thick- 
ness, not,  I  think,  less  than  that  of  the  great  Scar-limestone  in  the 
Yorkshire  chain  between  Craven  and  the  foot  of  Stainmoor*.  Over 
the  limestone  group  comes  the  red  sandstone  of  Smardale  quarries, 
which  is  about  1 20  feet  thick  (fig.  2,  c),  and  well  deserves  a  more 
detailed  description  than  I  can  give  of  it  in  this  paper.  It  is  ex- 
tensively used  for  building ;  ana,  before  I  saw  the  quarries,  I  had 
considered  it  as  a  most  characteristic  exhibition  of  the  new-red- 
sandstone.  Its  true  relations,  however,  admit  of  no  doubt ;  for  the 
upper  beds  of  the  limestone  group,  above-noticed,  dip  under  the  sand- 
stone at  an  angle  of  10°  or  12°.  And  about  200  yards  below  the 
quarry,  the  red  sandstone  is,  in  its  turn,  seen  to  dip  under  higher 
beds  of  limestone  which  abound  with  characteristic  carboniferous 
fossils.  The  bottom  beds  of  the  sandstone  are  reddish-grey,  flaggy, 
and  calcareous.  Then  follows  a  series  of  beds  of  a  grey,  reddish-grey, 
variegated,  and  of  a  dark  brick-red  colour.  Some  of  these  beds  are 
thin,  and  form  a  flagstone,  the  beds  of  which  are  separated  by  laminae 
of  cream-coloured  marl ;  and  on  the  surfaces  of  such  beds  are,  here 
and  there,  beautiful  impressions  of  Fuci,  and  perhaps  of  Annellidcs. 
Other  beds  show  the  ripple-mark  in  great  perfection,  and  obscure 
impressions  of  undescribed  plants,  identical  with  some  that  are  seen 
among  the  grits  alternating  with  the  limestone  in  Lower  Teesdale. 
Some  of  the  brick-red  beds  are  of  great  thickness,  and  among  them 
are  thin  bands  of  a  red  conglomerate ;  but  the  thickness  of  the  beds 
is  seldom  continuous  for  many  yards.  All  the  beds  are  more  or  less 
variegated  by  irregular  yellowish  blotches,  such  as  we  so  constantly 
see  in  true  new-red-sandstone,  and  in  the  triassic  groups.  The  frag- 
ments of  plants,  in  whatever  bed  they  appear,  are  generally  too  ill- 
preserved  to  show  any  good  specific  characters. 

The  points  deserving  of  remark  in  the  previous  section  are: — 
1 .  The  peculiar  character  of  the  disturbance  produced  by  the  Cra- 
ven fault ; — 2.  The  good  normal  series  from  the  Coniston  limestone 
to  the  Ireleth  slates,  &c. ; — 3.  The  great  mineral  change  in  the  car- 
boniferous deposits  at  the  two  ends  of  the  section. 

Sections  of  Thornton  Beck  and  Ingleton  Beck. — So  far  as  regards 
the  relative  position  of  the  several  groups,  both  of  these  sections  were 
correctly  described  by  Mr.  Phillips  in  a  paper  before  alluded  tof. 

*  Commencing  with  the  calcareous  mountains  in  the  valley  of  the  Ure,  or  of 
the  Ribble,  we  have  a  great  uniformity  of  structure  until  we  reach  the  neighbour- 
hood of  Kirkby  Stephen  and  Brough ;  but  we  lose  this  uniformity  in  following  the 
Pennine  chain  northwards  from  Brough ;  and  we  find  as  great  a  change  while 
following  the  calcareous  ridges  which  skirt  the  north  flanks  of  the  Cumbrian 
mountains.  As  they  approach  the  west  coast  of  Cumberland,  they  become  very 
degenerate  in  thickness. 

f  Trans.  Geol.  Soc.  2nd  Ser.  voL  iii. 
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A  great  spur  of  the  Scar  Limestone  runs  down  from  Whernside  to 
the  scar  above  Twisleton,  forming  the  separation  between  Chapel  le 
Dale  and  Kingsdale.   The  Thornton  section  (fig.  3)  begins  at  the 

Fig.  3. — Section  from  Ingleton  to  Thornton  Force. 
J  .  Distance  about  2  milet. 


V.  Carboniferous  grits. 

j\  Old  R«d  [the  thickness  of  thk  calcareous  conglomerate  is  exaggerated  In  this  Section]. 
d.  Calcareous  slate,  here  and  there  peering  into  concretionary  limestone,  ( = Coniston  limestone), 
rith  very  1 


e.  Greenish  slates,  alternating  with  very  hard  fpeeuah-grey  beds  of  gritstone,  provime.  CaJttard, 
(*Chloritic  Slates  of  Qunberiand  and  Westmoreland,  underlying  the  Coniston  1' 


Fig.  4. — Section  from  Twisleton  Scar  to  Ingleton. 
Distance  about  3  miles. 


8J.W. 


Black  Burton 
Coal-field. 


4'.  Caihoniferons  grits. 
0.  Great  Scar-limestone. 
7.  Old  Red  Conglomerate. 

d.  Calcareous  slate  with  Orikit  AcionU,  Ac.  (as  in  fig.  S), 
rock  [much  exaggerated  in  the  Section]' 
h  slate  (as  in  fig.  S). 


penetrated  by  two  v 


foot  of  Kingsdale,  crosses  the  Craven  fault,  and  then  passes,  over  the 
dislocated  limestone,  to  the  beds  which  are  prolonged  into  the  Black 
Barton  coal-field.  The  Ingleton  Beck  section  (fig.  4)  crosses  the 
same  groups  of  strata ;  and,  if  pictorially  represented,  would  show  a 
deep  gorge  cutting  through  the  slate-quarries.  In  fact,  the  section 
descends  from  the  great  Scar  Limestone  to  the  slate-quarries  on  the 
west  side  of  the  rivulet ;  but  the  quarries  cross  the  nvulet,  and  the 
section  is  then  taken  up  (at  about  a  hundred  yards  distance)  on  the 
opposite  side,  and  so  taken  down  to  Ingleton,  on  a  nearly  parallel 
line.  There  is,  however,  no  ambiguity  whatsoever  in  the  order  of 
superposition,  which  is  correctly  given  in  the  section  (fig.  4).  The 
dips  are  the  same  in  the  two  sections  under  notice*,  but  they  are 
represented,  as  they  are  seen  in  nature,  from  opposite  points  of  view. 

(1.)  At  the  north  end  of  the  two  sections  the  Scar-limestone  is 
nearly  horizontal,  and  the  upper  surface  of  the  slate  groups  has  been 
worn  down  to  a  nearly  horizontal  surface. 

*  The  mean  dip  being  about  S.W.  or  S.W.  by  S.,  and  at  a  great  angle. 
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(2.)  At  Thornton  Force*  are  some  traces  of  calcareous  conglome- 
rates immediately  under,  and  partly  penetrating,  the  bottom  beds  of 
limestone.  They  seem  to  represent  the  old-red-sandstone  in  a  very 
degenerate  form ;  and  they  disappear  in  some  of  the  neighbouring 
sections.  Indeed,  throughout  the  North  of  England,  the  old-red- 
sandstone,  even  when  developed  on  a  far  greater  scale,  is  generally 
seen  in  discontinuous  masses. 

(3.)  Next  we  have  a  series  of  beds  (figs.  3  and  4,  e)  rising  from 
beneath  the  terrace  of  limestone  and  conglomerate,  and  composed  of 
hard  gritty  greywacke*  (provincially  called  calliard),  alternating  in- 
definitely with  slaty  and  flaggy  beds,  which  show,  here  and  there, 
traces  of  transverse  cleavage-planes.  The  dip  is  south-westerly  and 
at  a  high  angle;  and  near  tne  end  of  the  group  the  beds  become 
almost  vertical,  and  so  fissile,  that  large  slate-quarries  have  been 
opened  in  them.  The  quarries  on  the  Thornton  Beck  section  are 
spoiled  by  joints  and  fractures,  and  are  now  deserted ;  but  the  quar- 
ries on  both  sides  of  the  other  rivulet  (Ingleton  Beck)  are  still 
worked  extensively.  The  slates  are  coarser  than  the  fine  greenish-blue 
slates  of  the  central  group  of  Cumberland,  but  resemble  them  in  co- 
lour. Some  of  them  are  marked  with  beautiful  dendritic  coverings 
of  pyrites,  and  occasionally  studded  with  large  bright  cubes  of  that 
mineral.  Good  sound  roofing-slates  are,  however,  obtained  without 
any  taint  from  pyrites.  The  slaty  planes  are  vertical,  and  exactly 
parallel  to  hard  beds  of  calliard  which  rise  at  their  side ;  and  hence 
it  follows  that  the  planes  of  fission  are  parallel  to  the  original  laminae 
of  deposit.  But  as  these  Ingleton  slates  are  sometimes  marked  by 
numerous  parallel  stripes  or  striae,  I  at  first  concluded  that  these 
stripes  must  represent  the  lines  of  deposit,  wtfile  the  great  fissile 
planes  represented  a  regular  transverse  and  nearly  vertical  cleavage. 
In  this  I  was,  however,  mistaken.  In  these  slates  the  great  smooth 
planes,  from  which  the  rock  derives  its  value,  are  parallel  to  the 
bedding ;  and  the  stripes  upon  these  slaty  planes  represent  the  inter- 
section of  a  true  system  of  transverse  cleavage-planes.  I  never  re- 
member to  have  seen  any  structure  like  this  in  the  old  quarries  of 
North  Wales,  Westmoreland,  or  Cumberland ;  but  I  have  seen  some 
parallel  instances  in  Devonshire  and  Cornwall.  .Taking  all  the  series 
above-described  as  a  group,  and  judging  of  it  onlv  by  its  mineral 
character,  its  hardness,  ana  above  all  by  its  prevailing  chloritic  tint, 
I  should  not  have  hesitated  in  classing  it,  provisionally,  with  some 
of  the  coarser  slates,  in  the  central  group  of  Cumberland,  under  the 
Coniston  limestone. 

(4.)  Further  down  the  two  rivulets,  and  overlying  the  rock  of  the 
slate-quarries,  are  some  coarser  and  less  fissile  beds  (figs.  3  and  4,  d). 
At  a  very  short  distance  they  become  slightly  puckered  by  an  inter- 
mixture of  very  irregular  calcareous  concretions,  and  it  deserves  re- 
mark, that  these  calcareous  and  very  irregular  portions  are  chiefly 
arranged  upon  ill-defined  cleavage-  planes,  and  not  generally  on  the 

*  A  pictorial  representation  of  Thornton  Force  is  given  in  Phillips's  GeoL  York- 
shire, pi.  23. 
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true  laminae  of  deposit*.  In  the  Thornton  section,  the  upper  part 
of  this  group  (just  where  it  sinks  under  the  dislocated  beds  of  the 
great  Scar-limestone)  passes  into  a  mass  of  dolomitic  limestone  mixed 
with  shale  and  flagstone.  It  contains  a  few  Encrinite-stems,  obscure 
Corals,  and  Shells  of  which  the  species  could  not  be  determined. 
But,  passing  over  to  the  other  section  below  the  Ingleton  slate-quarries, 
we  find  the  same  group,  which  is  more  widely  expanded,  probably 
in  consequence  of  the  transverse  and  unconformable  position  of  the 
overlying  Scar-limestone.  The  whole  length  of  the  group  is  not, 
however,  more  than  a  few  hundred  feet;  and  it  is  intersected  bv 
two  dykes,  chiefly  composed  of  red  felspar  and  black  mica,  which,  if 
I  mistake  not,  run  together  in  the  higher  part  of  the  neighbouring 
hill  f.  The  whole  group  is,  like  that  of  the  other  section,  more  or 
less  calcareous;  ana  the  calcareous  matter  is  arranged  in  a  similar 
manner ;  but  no  part  of  itpasses,  in  mass,  into  what  might  be  called 
a  dolomitic  limestone.  The  most  calcareous  portions  are  near  the 
upper  dyke ;  and  from  these  (helped  by  the  practised  hand  of  my 
friend  John  Ruthven)  I  obtained,  at  length,  a  number  of  very  obscure 
fossils,  and  among  the  fossils  a  few  species  which  seemed  to  belong 
to  the  series  of  the  Coniston  limestone.  They  have  since  my  re- 
turn been  examined  by  Professor  M'Coy,  who  identifies  the  following 
species: — 

Stenopora  fibrosa,  Gold/,  jp.  (ranging  from  the  Bala  to  the  Lower 

Carboniferous  rocks). 
Halysites  catenulatus,  Martini,  jp.  (ranging  from  the  Bala  to  the 

Ludlow  rocks). 

Orthis  Actonise,  Sqw. ;  and  one  or  two  other  ill-defined  species  of 
Bivalves. 

There  are,  in  the  great  cluster  of  the  Cumbrian  mountains,  no 
groups,  either  above  or  below  that  of  the  Coniston  limestone,  with  a 
group  of  fossils  like  those  above-named.  This  fossil  evidence,  im- 
perfect though  it  be,  is  confirmed  by  the  mineral  structure  of  the 
neighbouring  rocks;  and  hence  we  may,  I  think,  safely  conclude, 
that  the  group  here  described  (from  the  Ingleton  and  Thornton 
sections)  is  the  true  equivalent  of  the  Coniston  limestone.  The 
overlying  beds  of  the  great  Scar-limestone,  followed  by  the  carboni- 
ferous grits,  &c,  which  descend  towards  the  Black  Burton  coal-field, 
require  no  further  notice  in  this  place. 

Section  from  the  top  of  Penygent  to  Settle,  on  a  line  nearly  par- 
allel to  the  Valley  of  the  Kibble.  Fig.  5.— Were  I  describing  a  new 
country,  it  would  be  necessary  for  me,  in  this  place,  to  give  a  map  of 
the  singular  denudation  of  the  slate-rocks  in  the  valley  of  the  Kibble 
(above  Settle),  as  well  as  in  some  lateral  valleys  connected  with  it. 

*  A  most  remarkable  instance  of  this  structure  U  seen  at  the  S.W.  end  of  the 
Coniston  limestone  after  it  has  passed  into  Cumberland.  One  quarry  shows  a 
aeries  of  calcareous  spherical  concretions  arranged  on  the  planes  of  cleavage,  and 
not  on  the  true  planes  of  bedding. 

t  The  structure  here  noticed  is  teen  in  several  other  dykes  near  the  hue  of  the 
CraTen  fault. 
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But  the  country  is  well  known,  and  its  superficial  features  are  approxi- 
mately delineated  in  Mr.  Greenough's  Geological  Map  of  England ; 
and  a  geological  map  of  the  tract  of  country  on  the  line  of  this 
section,  as  well  as  of  the  section  which  immediately  follows,  has  been 
published  in  the  Geological  Transactions*,  in  illustration  of  a  paper 
by  Mr.  Phillips,  before  alluded  to  ;  and  to  this  map  I  may  refer  the 
reader. 

The  carboniferous  and  nearly  horizontal  rocks  of  Penysent  are 
well  known.  The  top  of  the  mountain  represents  a  part  of  tne  Mill- 
stone-grit series  (see  fig.  5).  In  the  steep  brows  below,  we  hare 
alternations  of  limestone,  sandstone,  and  shale  (the  Limestone  SAale 
of  Derbyshire  or  the  Tordale  Series  of  Phillipsf).  Near  the  base 
of  the  mountain  is  the  great  Scar-limestone,  overlying  (as  in  the  two 
former  sections,  figs.  3  &  4)  the  highly-inclined  beds  of  older  slate- 
rocks  (fig.  5,  dy  <?).  These  older  rocks  have  a  structure  almost  identical 
with  that  of  the  rocks  under  Thornton  Force  and  Twisleton  Scar. 
Over  them  are  beds  of  the  Horton  flagstone  (fig.  5,  c)  ;  and  at  Stud- 
gill,  about  a  mile  below  Horton,  some  of  the  beds  are  covered  by  in- 
numerable specimens  of  Graptolites  Sagittarius,  which  fossil  I  had 
formerly  mistaken  for  Graptolites  Ludensis.  But  I  profess  not  to 
describe  the  section  in  any  detail,  as  I  made  no  observations  worth 
recording  in  a  traverse  down  the  east  side  of  the  Ribble.  My  only 
object  in  giving  this  (partly  ideal)  section  is  to  show  the  grand  cross- 
fault,  at  atainforth,  which  brings  down  the  great  Scar-limestone, 
alters  the  superficial  features  of  the  country,  ana  shuts  out  the  slate- 
rocks  from  all  the  lower  parts  of  the  valley. 

Section  from  the  top  of  Penygent,  in  Craven,  over  Moughton  Fell, 
thence  over  the  calcareous  ridge  west  of  Austwick,  and  across  the 
line  of  the  Craven  fault  to  the  plains  immediately  south  of  Clapham. 
Fig.  6,  p.  47. — 1.  The  carboniferous,  and  nearly  horizontal,  strata  of 
Penygent  (figs.  5  &  6,  4,  s,  6)  have  been  just  noticed. 

2.  At  Dowgill  Scar,  a  few  hundred  yards  above  the  village  of 
Horton,  the  slate-rocks  break  out  at  the  base  of  the  Scar  Limestone ; 
and,  at  the  spots  where  I  examined  the  junction  of  the  two  systems, 
there  was  no  trace  of  any  intervening  conglomerates  to  represent  the 
old-red-sandstone.  This  slate-group,  although  partially  repeated  by 
undulations,  is  of  considerable  thickness ;  but  it  disappears  under  the 
alluvion  of  the  valley  before  we  reach  the  village.  I  had  many  times, 
before  last  summer,  seen  these  beds,  but  I  never  before  examined 
them  carefully,  or  with  any  view  of  comparing  them  with  other  de- 
posits of  the  same  age.  Considered  as  a  group,  I  was  at  once  struck 
with  their  resemblance  to  the  upper  portion  of  the  old  groups  of  rock 
in  the  two  preceding  sections  (of  Thornton  Beck  and  Ingleton  Beck, 
figs.  3  &  4),  between  the  slate-quarries  and  the  spots  where  the  slates 
plunge  under  the  tilted  beds  of  the  Scar-limestone.  For  in  this  part 
of  the  Horton  rivulet  we  remark  the  same  frequent  appearance  of 
chloride  colour,  the  same  hard  greenish-blue  caUiards,  the  same  im- 
perfect slaty  cleavage,  and  a  similar  aggregation  of  calcareous  matter 
•  2  Ser.  vol  iii. 

f  See  Iltostr.  GeoL  Yorkshire,  Part  2. 
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in  some  of  the  fissile  beds.  Indeed,  had  not  the  great  Scar-limestone 
been  close  at  hand,  I  believe  quarries  might  have  been  opened  in 
some  parts  of  these  older  rocks  sufficiently  calcareous  to  have  been 
profitably  burnt  for  lime. 

Taking  the  group  in  ascending  order,  we  first  meet  with  some 
hard,  feiruginous,  quartzose  beds  very  near  the  Scar-limestone. 
These  are  followed  by  bluish-green  rags  tone  and  coarse  slate.  Next, 
in  ascending  order,  come  grey  calcareous  slates,  and  flagstones  with 
an  obscure  transverse  cleavage  (fig.  6,  d).  These  abound  in  calca- 
reous concretions,  and  rise  in  great  flaky  masses,  some  of  which  are 
penetrated  by  numerous  calcareous  veins;  they  contain  numerous 
fossils,  generally  ill-preserved.  Farther  down  the  rivulet  the  harder, 
greenish,  and  less  calcareous  bands  reappear,  but  are  covered  up  by 
the  drifted  matter  of  the  valley. 

The  whole  group  exposed  is  of  considerable  thickness,  although, 
partially,  repeated  by  faults  and  undulations  ;  and  its  general  position 
among  die  neighbouring  rocks  may  be  collected  from  the  following 
facts : — First,  where  the  beds  emerge  from  under  the  horizontal  lime- 
stone, they  dip  true  S.  Z  30°.  This  continues  some  distance,  after 
which  the  beds  dip  70°  W.  of  Mag.  S.  Z  50°.  Then  comes  a  break 
among  the  strata,  beyond  which  the  beds  for  a  short  distance  dip  70° 
£.  of  Mag.  N.  Z  30  .  But  they  are  soon  reversed,  and  dip  true  S. ; 
and  near  the  extreme  end  of  the  section,  where  the  slates  disappear, 
the  dip  is  to  a  point  a  few  degrees  west  of  true  south,  at  angles  vary- 
ing from  60°  to  45°. 

The  preceding  notes  may  help  to  show  what  is  the  position  of  the 
group  I  am  noticing,  and  its  analogies  with  other  groups  in  the  pre- 
vious sections ;  but  the  age  of  the  group  must  mainly  depend  on  the 
fossil  evidence;  and  this  is  not  wanting.  Assisted  by  my  friend 
John  Ruthven,  I  carefully  turned  over  and  broke  up  the  more  cal- 
careous beds  and  obtained  from  them  the  following  species : — 

Calvmene  brevicapitata,  Portlock ;  a  Bala  species. 
Zethus  atractopyge,  M'Coy ;  a  Bala  species. 
Leptaena  sericea,  Sow. 

Strophomena  pecten,  Linn.  jp. ;  Bala  and  Wenlock. 
Orthis  vespertilio,  Sow. ;  Bala,  &c. 
■  Actoniae,  Sow. ;  Bala,  &c. 

 parva,  Pand.  sp. ;  Bala,  &c. 

 plicata,  Sow. ;  Bala,  &c. 

 calligramma,  Dal. ;  Bala,  &c. 

Stenopora  fibrosa,  Gold.  sp. ;  ranging  from  Bala  to  Lower 

Carboniferous  (?). 
Favosites  crassa,  M'Coy ;  Bala. 

Orthoceras  subundulatum,  MUnst. ;  Bala  and  Wenlock. 
 primaevum,  Forb.  jp. ;  Bala  and  Wenlock. 

This  list  is  quite  conclusive,  as  nothing  resembling  it  has  been  found 
in  the  North  of  England  except  in  the  Coniston-hmestone  group. 

3.  Following  the  line  of  section  over  the  wide-spread  alluvion  of 
the  valley  of  the  Ribble,  we  reach  the  bluff  escarpment  of  Moughtou 
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Fell,  the  upper  part  of  which  is  composed  of  nearly  horizontal  beds 
of  the  Scar-limestone,  under  which  are  seen  the  great  undulating 
masses  of  Horton  flagstone.  It  is  obvious,  at  first  sight,  that  the 
flagstone  must  hare  been  elevated,  contorted,  and  solidified ;  and 
afterwards  planed  down  by  denudation,  until,  throughout  wide  spaces, 
it  presented  at  the  bottom  of  the  sea  a  series  of  nearly  dead  levels,  on 
which  were  gradually  accumulated  the  great  reefs  and  shell-beds  of 
the  Scar-limestone. 

The  base  of  the  Scar-limestone  at  the  S.E.  end  of  Moughton  Fell 
is  so  far  above  the  level  of  the  corresponding  base-line  immediately 
above  Horton,  that  we  may  suspect  the  existence  of  a  fault  down  the 
valley  of  the  Bibble ;  or  the  change  of  level  may  perhaps  arise  from 
the  natural  dip  of  the  limestone  m  the  neighbouring  district.  The 
line  of  section  does  not  show  the  immediate  relations  of  the  group  last 
described  (d)  to  the  Horton  flagstone  (e) ;  but  we  are  not  left  in  doubt, 
for  the  calcareous  slate-group  at  the  foot  of  Penygent  is  (on  the  left 
bank  of  the  Ribble)  overlaid  by  the  flagstone-series,  in  which  there 
is  a  prevailing  southern  dip,  which  is  continued  nearly  two  miles 
down  the  valley  below  Horton.  The  Studfield  flag-quarries  (fig.  5) 
are  in  this  part  of  the  series ;  and  they  may  be  connected,  through 
quarries  opened  in  Dry-rigg,  with  the  flagstones  of  Moughton  Fell. 
In  this  way  we  obtain  a  proof  that  the  group  of  Moughton  Fell  im- 
mediately overlies  the  calcareous  slates  (d)  at  the  foot  of  Penygent. 

The  Horton  flagstone  has  none  of  the  chloride  colour  which 
distinguishes  the  lower  group,  and  in  this  respect  it  resembles  the 
Coniston  flagstone,  to  which  it  offers  many  near  analogies.  It  is, 
however,  connected  physically,  through  the  alternations  of  hard  beds 
of  grey  calliard,  with  the  lower  group ;  and  it  is  not,  I  believe,  possible 
to  define  the  exact  line  between  them  where  they  exist  in  continuity. 
The  flagstones  follow  the  laminations  of  deposit,  are  of  excellent 
quality,  and  may  be  obtained  of  enormous  size.  Generally,  except 
where  they  pass  into  the  condition  of  a  grit,  they  show  cleavage- 
planes,  which  sometimes  (though  rarely)  produce  a  striatum  on  the 
surfaces  of  the  flags  and  injure  their  quality ;  but  no  slates  are  ob- 
tained from  these  cleavage-planes. 

I  do  not  wish  to  describe  in  much  detail  a  group  that  has  been  well 
described  by  Professor  Phillips ;  but  the  following  short  notes,  made 
on  the  spot,  may  be  worth  recording,  as  they  give  the  evidence  for 
some  of  the  flexures  delineated  on  the  accompanying  section,  fig.  6. 

1 .  Crossing  from  Horton  to  the  northern  flag-quarry  of  Moughton 
Fell,  we  first  traversed  a  series  of  coarse  slates  and  hard  grey  grits 
(calliard*  of  the  quarrymen)  dipping  nearly  south.  At  the  quarry 
the  great  flagstone  dipped  20°  W.  of  Mag.  S.  Z  42°.  Many  of  these 
beds  were  marked  by  a  cleavage-plane  striking  40°  £.  of  Mag.  South, 
and  dipping  at  an  angle  of  more  than  80°,  to  a  point  40°  S.  of  Mag. 
W.  At  a  short  distance  the  dip  of  the  flags  was  30°  W.  of  Mag.  S. 
Z  50° ;  and  here  were  cleavage-planes  inclined  at  about  35°  to  the 
planes  of  stratification.  So  far  as  was  observed,  there  did  not  seem 
to  be  much  constancy  either  in  the  strike  or  inclination  of  these 
cleavage-planes,  and  the  quarrymen  turn  them  to  no  use,  the  flags 
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bong  raised  from  the  planes  of  bedding.  Many  of  the  beds  show  im- 
pressions of  ill-preserved  Orthoceratites,  of  which  the  septa  are  occa- 
sionally visible,  and  many  of  them  show  traces  of  Graptolite*  Sagit- 
tarius. Impressions  of  small  Bivalve  Shells  were  not  rare,  but  none 
of  them  were  sufficiently  well-preserved  to  show  specific  characters. 

At  the  second  great  quarry  (further  to  the  8.E.),  a  fine  striped 
flagstone  is  worked  close  up  to  the  horizontal  limestone.  It  dips  30° 
£.  of  Mae.  S.  at  an  angle  of  35°.  Immediately  beyond  this  quarry 
is  a  synclinal  line,  on  the  other  side  of  which  the  dip  is  30°  E.  of 
Mag.  N.  Then  an  anticlinal  brings  the  beds  again  into  the  southern 
dip,  beyond  which,  in  a  great  hollow  of  the  mountain-side,  the  beds 
are  again  reversed,  dipping  at  an  angle  of  70°  to  a  point  45°  £.  of 
Mag.  N. ;  and  this  northern  dip  is  continued  round  the  8.E.  end  of 
Moughton  Fell.  It  is  also  continued  into  the  Dry-rigg  quarries, 
where  the  beds  dip  45°  £.  of  Mag.  N.  at  an  angle  of  78°.  It  is 
through  these  quarries,  as  before  stated,  that  we  are  enabled  to 
connect  the  flagstones  of  Moughton  Fell  with  the  corresponding  beds 
on  the  east  side  of  the  Ribble. 

In  the  flagstone  series  we  sometimes  observe  numerous  dip-joints 
that  are  coated  with  calcareous  spar ;  and  we  occasionally  meet  with 
spherical  concretions  of  considerable  size ;  in  the  Dry-rigg  quarries 
tne  concretions  abound  so  much  as  to  disfigure  the  flagstone,  and 
make  many  slabs  of  it  unfit  for  use.  Sometimes  they  are  hard  and 
calcareous ;  sometimes  soft,  earthy,  and  ferruginous ;  and  not  unfre- 
quently  they  are  in  the  condition  of  a  light  porous  mass  (commonly 
called  "  rotten-stone")  from  which  the  calcareous  matter  has  almost 
entirely  disappeared.  But  in  almost  all  instances  they  were,  I  believe, 
originally  calcareous,  and  were  aggregated  about  some  extraneous 
body,  such  as  a  shell  or  coral.  Similar  concretions  are  occasionally 
found  in  the  hard  gritty  masses  associated  with  the  flagstones ;  and 
they  abound  in  some  beds  on  the  east  side  of  the  Ribble  as  we  descend 
towards  Stainforth. 

From  the  quarries  above-noticed  we  obtained  the  following  fossils  : 

GraptoHtes  Sagittarius,  Linn.  sp. 
Stenopora  fibrosa,  Gold.  sp. 
Favosites  crassa,  M'Coy. 
Orthoceras  subundulatum,  Miinst. 
 primsevum,  Forbes,  sp. 

Of  these  fossils  the  first  is  found  at  Moughton  Fell  and  Studgill 
quarries,  and  the  species  ranges  from  the  Slriddaw  Slate  to  the  Wenlock 
Shale.  The  second  probably  ranges  from  the  Bala  to  the  Lower 
Carboniferous  group.  The  third  is  a  Bala  species.  The  fourth  and 
fifth  seem  to  range  from  the  Bala  group  to  the  Wenlock  Shale. 

Taking  the  facts  above-stated  as  our  guide,  I  think  we  may  con- 
clude that  the  calcaroeus  group  under  Penygent  (fig.  5  &  6,  d )  is  the 
equivalent  of  the  Coniston-limestone  group,  and  that  the  Horton  flag- 
stone (c)  is  the  equivalent  of  the  Coniston  flagstone ;  and  thus  the 
sections  of  the  Ribble,  so  far  as  they  go,  are  in  exact  correspondence 
with  the  previous  section  of  Ravenstonedale  (see  p.  41). 
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8hould  any  one  ask,  whether  still  higher  groups,  such  as  the 
Coniston  grits  and  the  Ireleth  slates,  may  not  he  represented  among 
the  rocks  laid  bare  in  some  of  the  valleys  of  denudation  connected 
with  the  Ribble,  I  could  not  satisfactorily  answer  the  question. 
For  I  know  little  of  the  sections  on  the  east  side  of  the  Ribble ; 
and  there  is  a  large  spread  of  slate  rocks  (laid  down  hy  Phillips) 
in  the  lateral  valley  of  Stainforth,  which  I  have  not  visited  for 
more  than  thirty  years.  And  the  slate-rocks  break  out  again  (as 
I  have  been  informed)  in  the  denudations  between  Malham  Tarn 
and  Kilnsea,  in  a  mountain-tract  I  have  never  visited.  Again* 
it  might  he  asked  whether  the  flagstones  of  the  Ribble,  with  their 
alternating  beds  of  hard  grits  (calliards),  might  not  represent 
the  Coniston  flags  and  the  Coniston  grits?  To  such  a  question 
I  might  reply,  that,  while  on  the  spot,  I  gave  it  what  I  thought  a 
fair  trial ;  and  that  the  evidence  of  the  sections  seemed  to  disprove 
the  supposed  union  of  the  two  deposits ;  for  the  calliards  appear  to 
abound  quite  as  much  in  the  lower  as  in  the  upper  part  of  the  great 
flagstone  group. 

With  every  wish  to  avoid  unnecessary  details,  I  must  shortly  notice 
some  remarkable  beds  seen  (nearly  on  the  line  of  section)  in  the 
flagstone  group  on  the  west  side  of  Moughton  Fell.  We  there  find 
(alternating  with  the  harder  grits)  a  kind  of  whet-slate  or  flagstone 
which  is  divided  into  rhombohedral  solids  by  two  sets  of  cross-joints. 
Many  of  these  regular  solids  have  undergone  a  partial  decomposition 
shown  on  the  planes  of  fracture  by  beautiful  coloured  rings  (exactly 
like  those  occasionally  seen  in  flint-pebbles);  which,  commencing 
irregularly  at  the  outer  surfaces,  gradually  become  more  symmetrical 
as  they  diminish  in  size  and  approach  the  centres  of  the  several  solids. 
The  same  kind  of  decomposition,  marked  by  rings  of  colour,  has 
affected  some  large  masses  of  the  Skiddaw  slate,  and  produced  co- 
loured lines  which  might  easily  he  mistaken  for  the  original  marks  of 
bedding.  And  similarly  deceptive  lines  of  colour  (derived  from  a 
decomposition  that  has  commenced  from  the  joints  sometimes  tra- 
versing masses  of  considerable  size)  may  be  seen,  though  rarely,  among 
the  Ireleth  slates,  and  the  Silurian  flagstones  of  Leintwardine. 

A  valley  of  denudation  separates  the  tabular  calcareous  cap  of 
Moughton  Fell  from  a  corresponding  tabular  cap  that  ranges  N.  and 
8.  from  Austwick  towards  the  base  of  Ingleborough.  I  had  no  oppor- 
tunity (during  my  last  visit)  of  examining  the  slate-rocks  in  the  valley 
between  these  tabular  hills ;  which  I  the  more  regret,  as  I  have  been 
informed  by  John  Ruthven  that  calcareous  slates,  with  organic  re- 
mains, were  laid  bare  in  some  quarries  or  excavations  that  were  opened 
a  few  years  since  near  the  village  of  Austwick.  Provisionally,  there- 
fore, I  consider  the  Coniston  limestone  as  reappearing  in  the  section 
under  the  calcareous  ridge  near  the  village.  This  point  might,  per- 
haps, be  ascertained  by  a  careful  examination  of  the  sections  in  the 
neighbouring  watercourses.  But  mv  time  was  gone,  and  I  had  not 
a  single  hour  to  devote  to  this  examination  ;  and  the  excavations  near 
the  village,  to  my  great  disappointment,  were  all  filled  up. 

The  remaining  part  of  the  section  crosses  the  Craven  fault,  which 
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I  have  sketched  in  from  memory,  and  in  accordance  with  one  of  the 
sections  given  by  Phillips*.  It  is  not  my  object  to  describe  this  part 
of  the  great  fault.  Near  Austwick  it  may,  I  think,  be  considered  as 
separated  into  two  branches ;  the  main  branch  ranging  by  Giggleswick 
Scar  and  Settle ;  the  other,  and  diverging,  branch  ranging  up  the 
Austwick  valley,  and  then  striking  nearly  E.  and  W.,  crossing  the 
Ribble  (as  above  indicated  in  section  fig.  6)  near  Stainforth,  and 
thence  bearing  towards  Malham  Moor.  If  I  might  hazard  a  con- 
jecture, I  should  say  that  on  this  line  of  fault  are  probably  brought 
out  the  slate-rocks  which  appear  between  Malham  Moor  and  Kilnsea. 

One  fact  more  requires  notice  before  I  conclude  the  description  of 
the  section.  The  grear  spur  of  Scar-limestone  that  descends  towards 
Austwick  is  not  so  high  as  the  top  of  Moughton  Fell,  but  is  in  part 
of  its  range  as  high  as,  or  higher  than,  the  junction  of  flagstones  and 
calliards  of  that  Fell  with  the  overlying  limestone.  Now,  not  only 
on  the  sides,  but  on  the  very  top  of  the  Austwick  ridgef,  there  he 
scattered  a  series  of  large  blocks  (see  fig.  6)  which  exactly  resemble 
the  hard  grits  and  calliards  that  break  out  under  the  crest  of 
Moughton  Fell.  These  blocks  are  not  in  an  advanced  state  of  de- 
composition ;  they  clink  under  the  hammer,  and  they  are  generally 
angular,  and  not  at  all  water-worn.  If  we  leave  the  hills  and  cross 
the  comparatively  low  carboniferous  tract  that  descends  towards  Ben- 
than,  we  may  see  hundreds  of  erratic  blocks  of  exactly  the  same 
character.  How  have  they  been  transported;  and,  especially,  by 
what  power  have  they  been  perched  on  the  calcareous  ridge  north  of 
Austwick  ?  That  enormous  masses  of  limestone  and  slate  have  been 
washed  away,  and  that  the  Scar-limestone  of  Penygent,  Ingleborongh, 
Moughton  Fell,  &c,  were  once  continuous,  hardly  admits  of  a  doubt ; 
but  of  the  vast  masses  of  matter  that  were  carried  away  when  the 
valleys  were  excavated  nearly  into  their  present  forms,  we  have  no 
vestige  whatsoever.  All  the  alluvion  of  the  valleys,  and  all  the 
erratic  drift  above  alluded  to,  belong  not  to  an  ancient,  but  to  a  very 
recent  period. 

If  it  be  allowed,  that  during  the  glacial  period  the  land  was  de- 
pressed about  1500  feet  below  its  present  elevation,  the  high  calca- 
reous chain  of  Yorkshire  may  have  existed  as  a  series  of  ridges  and 
islands  surrounded  by  barriers  of  ice.  Year  by  year  the  icy  barriers 
may,  during  summer,  have  carried  off  portions  of  the  rock  and 
dropped  them  at  a  distance;  and  while  the  land  was  rising  to  its 
actual  height,  it  was  quite  natural,  on  this  hypothesis,  that  the  float- 
ing ice-rafts,  and  the  loads  they  carried,  should  be  stranded  on  a 

*  Trans.  GeoL  Soc  2  Series,  vol.  iii.  PI.  I.  section  F. 

f  Prof.  J.  Phillips  has  mentioned  the  occurrence  of  the  Calliard  blocks  on  Long 
Scar  on  the  north  of  the  faulted  region.  From  measurements  Prof.  Phillips  has 
lately  made,  he  finds  that  Long  Scar  is  higher  than  the  Austwick  Scar  and  much 
above  the  Calliard  range;  its  summit  is  rather  less  than  1400  feet  above  the  sea. 
Some  of  the  blocks  still  remaining  are  at  an  elevation  of  1260  feet  above  the  sea. 
The  summit  of  Moughton  Fell  is  1404  feet  above  the  sea.  The  surface  of  the 
southern  limestone  band  above  Austwick  and  Clapham  Lodge  (where  the  blocks 
are  abundant)  is  about  850  feet  above  the  sea.  1  am  indebted  to  Prof.  Phillips 
for  these  measurements. 
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ridge  like  that  near  Austwick.  A  great  current  might  account  for 
the  blocks  in  the  lower  country ;  but  a  great  current  (without  the 
intervention  of  ice)  would,  I  think,  very  ill  explain  the  position  of  the 
blocks  on  the  above-mentioned  calcareous  ridge.  Connected  with 
this  question,  I  may  remark  that  in  many  parts  of  the  neighbouring 
chains  of  Yorkshire  there  are  large  erratic  blocks  of  limestone  quite 
as  difficult  to  account  for  (without  the  intervention  of  a  glacial  hy- 
pothesis), as  the  position  of  the  calliard  blocks  above  Austwick.  For 
example,  in  my  native  valley  of  Dent,  on  the  rugged  side  of  a  moun- 
tain made  up  of  the  Coniston  grits,  there  are  one  or  two  great  blocks 
of  Scar-limestone,  perched  on  the  bare  rocks  at  a  level  of  more  than 
1000  feet  above  that  of  the  sea. 

From  the  details  of  the  previous  sections  it  appears,  that  the 
Coniston  limestone  and  Coniston  flagstone,  which  form  the  base  of 
the  whole  fossiliferous  slate-series  of  Westmoreland,  may  be  clearly 
traced  from  Ravenstonedale  through  the  upper  part  of  the  Bother, 
across  the  valley  of  Dent,  and  again  from  the  ravines  above  Ingleton 
to  Horton  in  Ribblesdale. 

In  a  subsequent  paper  I  hope  to  show: — (1.)  That,  agreeably  to  my 
first-published  opinion,  the  Coniston  limestone  is  the  exact  equivalent 
of  the  Bala  limestone ;  and  not,  as  I  afterwards  supposed,  of  the 
Caradoc  sandstone.  This  conclusion  Ms  in  with  the  fact,  that  the 
Coniston  limestone,  at  its  southern  end,  does  not  overlie,  but  is  ac- 
tually interlaced  with,  the  great  central  group  of  Cumberland,  or  the 
equivalent  of  the  Cambrian.  (2.)  That  the  Coniston  flagstone  (and 
its  equivalent  Horton  flagstone)  may  be  grouped  with  the  Coniston 
limestone.  (3.)  That  the  Coniston  grits  are  the  true  equivalents  of 
the  Caradoc  sandstone.  (4.)  Hence  that  the  Ireleth  slates  and  the 
groups  above  them  are  the  equivalents  of  the  Wenlock  shales,  &c. 
of  the  Silurian  system.  The  limits  of  this  communication  preclude 
me  from  discussing  these  questions,  which  I  hope,  before  long,  to 
resume. 


December  17, 1851. 

F.  Hmdmarsh,  Esq.  was  elected  a  Fellow. 

The  following  communications  were  read : — 

1.  On  the  Quader  Formation  of  Germany  *. 
By  Dr.  H.  B.  Geinitz. 

[Ccmnninkited  by  Sir  C.  Lyell,  F.6.S.] 

The  north  aide  of  the  Harts,  where  the  Upper  Quader-sandstooe  is 
so  powerfully  developed,  has  lately  thrown  a  new  light  on  the  rela- 
tions of  this  rock  witn  the  Upper  Quader-marl.    Professor  Beyrich, 
•  See  Quart.  Journ.  Geol.  Soc  toL  rii.  Part  2.  p.  G-l  1. 
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of  Berlin,  who  is  now  publishing  a  geological  map  of  the  above-men- 
tioned district,  lately  invited  me  to  re-examine  it  with  him  and  in 
company  with  M.  von  Strombeck,  of  Brunswick,  and  some  other 
geologists. 

The  Upper  Quader-sandstone  near  Heimburg  is  bounded  by  sandy 
Upper  Quader-marl.  The  greensand,  or  green  sandy  marl,  above  and 
below  the  sandstone,  has  similar  characters  and  the  same  fossils  as 
the  greensand  of  Aix-la-Chapelle,  of  the  Salzberg  near  Quedlinburg, 
and  of  Kiealingswalda  in  Silesia ;  and  as  the  Upper  Quader-sandstone 
itself. 

List  of  the  Fossils. 

Callianassa  antiqua,  Otto.  Crassatella  arcacea,  Rom. 

 Fanjasi,  Otto.  Venus  faba,  Sow. 

Serpula  fUiformit,  Sow.  Trigonia  aliformis,  Pork. 

Belemnites  quadrat  as,  Bl.  Area  (Cucullea)  glabra,  Sow. 

Turritella  •oxlineata,  Rom.  Pectunculus  subtevis,  Sow. 

Rostellaria  papilionacea,  Golcff.  Cardium  Ottoi  (C.  Ottonis),  Gem. 

 vespertilio,  Gold/.  Gervillia  Solenoides,  Dtfr. 

Cardita  Goldfuwi,  MulL  (-Pholadomya     Ostrea  laciniata,  NiU$. 
caudata,  Rom.)  etc  etc. 

The  grey  Chalk-marl  (Kreide-mergel)  of  the  hill  (Schlossberg)  at 
the  village  of  Heimburg,  comprising  the  Trummer-kalk  (the  Con- 
glomerate of  the  Sudmerberg,  near  Goslar),  is  connected  with  the 
green  sandy  marl  below  it  by  similarity  of  organic  remains,  in  the 
same  manner  as  the  Upper  Quader-sandstone  is  united  with  the  Upper 
Quader-marl  in  one  and  the  same  cretaceous  series.  This  series  of 
sandstones  (the  Lower  and  Upper  Quader  of  M.  Bevrich),  greensand 
and  green  sandy  marls*,  and  grey  and  yellow  chalk-marls  (Kreide- 
mergel,  and  the  conglomerate  of  the  Sudmerberg  with  its  Maastricht 
Corals),  is  the  equivalent  of  the  Tuff-chalk  of  Maestricht,  and  the 
Upper  Chalk  witn  Firestone  of  other  countries. 

I  am  likewise  of  opinion,  that  the  Lower  Quader-marl  (Lower  Flags 
or  Marl-  and  Sandstone-flags,  also  the  Variegated  Marl,  and  Lower 
Greensand  of  Essen)  is  the  equivalent  of  the  Lower  Quader-sandstone, 
and  not  of  the  Upper  or  Chalk-flags,  which  are  the  equivalents  of 
the  Lower  Chalk  of  Kent. 

Consequently  I  obtain  the  following  arrangement  of  the  series : — 

I.  UpperQuaderjJ;  gStEd*"*}  =Upper Chalk. 

II.  Middle  Quadermarl  (Planer-kalk) = Lower  Chalk. 

IV.  Hils-clay = Neocomian . 

Professor  Beyrich  has  represented  in  his  Map  the  Upper  Quader 
in  six  subdivisions. 

*  Sand  of  Miinchenhof  and  of  the  Salzberg  near  Quedlinburg,  and  the  flags  of 
the  Flattenberg  near  Blankenburg. 
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'On  the  Causes  which  may  have  produced  Changes  in  the 
'  Earth's  Superficial  Temperature.  By  W.  Hopkins,  Esq., 
M.A.,  F.R.S.,  Pres.  G.S.,  and  Pres.  Cambridge  Phil.  Soc. 

Part  I. 

On  the  Influence  of  the  Earth's  internal  Heat,  and  of  the 
Heat  radiating  from  external  Bodies  on  the  Earth's  Su- 
perficial Temperature. 


§  I.  Influence  of  the  Earth's  Internal  Heat. 

1.  The  problem  of  the  internal  temperature  of  the  earth,  and, 
assuming  that  temperature  to  have  been  formerly  much  greater  than 
at  present,  the  laws  according  to  which  its  refrigeration  would  take 
place,  have  exercised  the  powers  of  the  first  mathematicians.  The 
problem  which  has  been  actually  solved,  however,  is  more  simple 
than  the  one  which  the  earth  really  presents  to  us.  The  simplest 
conditions  which  have  been  assumed,  are  those  of  a  sphere  of  very 
large  dimensions,  like  the  earth,  consisting  of  matter  of  which  the 
power  of  transmitting  heat  (the  conductive  power)  is  supposed  to  be 
the  same  in  every  part;  also  the  temperature  of  the  space  sur- 
rounding the  sphere  (the  external  temperature)  is  supposed  to  remain 
invariable  during  the  whole  term  of  the  sphere's  refrigeration.  Poisson 
solved  the  problem  with  less  restrictive  conditions  as  regards  the 
temperature  of  the  external  space,  by  taking  account  of  the  influence 
of  the  earth's  atmosphere ;  but  he  also  assumed,  like  those  who  had 
preceded  him,  the  uniformity  of  the  conductive  power  throughout 
the  cooling  mass.  It  is  not  likely  that  this  is  really  the  case  with 
the  matter  composing  our  globe,  and  our  ignorance  on  this  point 
might  lead  to  serious  error  in  the  determination  of  the  internal  tem- 
perature at  points  remote  from  the  earth's  surface.  But  this  is 
more  than  the  mathematician  has  attempted.  He  has  limited  himself 
to  points  connected  with  the  temperature  at  depths  beneath -the  sur- 
face of  his  imaginary  sphere  very  small  compared  with  its  radius,  and 
after  the  lapse  of  an  enormous  time  since  the  cooling  process  com- 
menced. The  problem  is  thus  very  much  simplified,  and  the  results 
obtained  are  doubtless  approximately  the  same  as  those  which  would 
result  from  the  supposition  of  the  variability  of  the  conductive  power 
of  the  mass.  It  is  also  important  to  remark,  that  the  results  with 
which  we  are  here  concerned  are  independent  of  the  primitive  tempe- 
rature of  the  heated  sphere.  It  may  have  resulted  from  causes  external 
or  internal,  and  may  have  been  regular  or  irregular,  provided  always 
the  time  during  which  the  cooling  has  been  proceeding  has  been  of 
sufficient  duration. 

2.  A  thermometer  placed  a  few  inches  below  the  surface  of  the 
ground  will  indicate  a  variable  temperature,  which  will  usually  arrive 
at  its  maximum  after  noon,  and  its  minimum  after  midnight.  These 
variations  are  due  to  the  irregular  supply  of  heat  from  the  sun  during 
the  twenty-four  hours,  and  are  not  sensible  at  a  depth  greater  than 
about  2  feet.    If  a  second  thermometer  be  placed  at  this  latter 
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depth,  it  will  only  indicate  a  variation  of  temperature  proceeding 
from  day  to  day  as  the  seasons  advance  ;  but  if  the  mean  of  all  the 
observations  on  each  of  these  thermometers  be  taken  for  the  whole 
year,  it  will  be  sensibly  the  same  for  both,  and  will  give  the  earth's 
mean  annual  superficial  temperature.  If  again  a  third  thermometer 
be  placed  a  few  inches  above  the  ground,  it  will  indicate  the  variable 
temperature  of  the  atmosphere,  and  the  mean  of  all  the  observations 
on  this  instrument  for  the  whole  year  will  give  the  mean  annual  tem- 
perature of  the  atmosphere.  This  mean  again  will  be  sensibly  the 
same  as  the  mean  results  obtained  from  the  two  other  thermometers, 
notwithstanding  that  the  laws  of  variation  for  the  three  instruments 
respectively  are  so  very  different.  Consequently,  the  earth's  mean 
annual  superficial  temperature  is  equal  to  the  mean  annual  tempe- 
rature of  the  atmosphere  close  to  the  earth's  surface. 

Again,  if  we  place  a  fourth  thermometer  at  a  depth  greater  than 
about  2  feet,  and  not  exceeding,  in  this  latitude,  60  or  70  feet, 
it  will  indicate  (like  the  second  of  the  above-mentioned  thermo- 
meters) a  temperature  changing  only  with  the  advancing  seasons,  and 
(except  for  depths  not  much  exceeding  2  or  3  feet)  with  great  regu- 
larity. If,  instead  of  a  single  instrument,  we  should  place  a  series 
of  thermometers  at  different  depths  from  2  feet  to  about  70,  their 
indications  would  be  very  different,  although  all  would  follow  in 
a  similar  manner  the  changing  temperature  of  the  seasons.  Each 
would  have  its  maximum  and  minimum  heights  during  the  year,  but 
the  times  at  which  these  maxima  and  minima  would  occur  would  be 
different  for  each  instrument.  They  would  be  found  earliest  in  the 
higher  instruments  (soon  after  the  hottest  part  of  the  summer,  and 
the  coldest  part  of  the  winter  respectively),  and  later  in  the  lower 
instruments  according  to  their  depths.  The  extent  of  the  oscil- 
lations from  the  highest  to  the  lowest  temperatures  would  also  be 
different  for  each  instrument.  It  would  be  greatest  for  the  upper 
ones  and  would  decrease  according  to  the  depth  in  the  lower  ones, 
until  at  the  depth  of  about  60  or  70  feet  the  oscillations  would 
be  no  longer  sensible,  the  instrument  always  indicating  the  same  in- 
variable temperature. 

The  mean  annual  temperature  indicated  by  every  one  of  the  ther- 
mometers above-mentioned  at  depths  less  or  greater  than  2  feet 
would  be  nearly  the  same.  Independently  of  accidental  circumstances 
which  might  affect  those  immediately  beneath  the  surface  of  the 
ground,  these  mean  temperatures  would  be  rather  greater  for  the 
lower  than  for  the  upper  instruments  in  proportion  to  their  depths, 
but  that  given  by  the  lowest  one  (which  would  be  its  stationary 
temperature)  would  not  exceed  the  mean  temperature  given  by  the 
upper  one,  by  more  than  about  1°  Fahr. 

Finally,  let  us  suppose  our  series  of  thermometers  continued  down- 
wards along  the  same  vertical  line,  at  depths  greater  than  60  or 
70  feet.  Each  instrument  would  indicate  an  unchanging  temperature 
during  the  whole  year,  but  the  greater  the  depth  of  the  instrument 
below  the  earth's  surface,  the  higher  would  be  the  temperature  in- 
dicated by  it,  the  difference  between  the  indications  of  any  two 
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instruments  being  proportionate  to  the  difference  of  their  depths. 
The  same  law  will  also  hold  true  for  the  indications  of  the  ther- 
mometers placed  at  depths  less  than  60  or  70  feet,  provided  we  take 
the  mean  annual  temperatures  indicated  by  them  instead  of  their 
temperatures  at  any  particular  time. 

Hence,  then,  omitting  always  the  diurnal  and  annual  variations  of 
temperature,  we  have  the  conclusion  that  the  internal  temperature 
of  the  earth  increase*  as  we  descend  beneath  its  surface  in  the  same 
proportion  as  the  depth.  This  is  the  exact  law  as  determined  by  the 
mathematical  analysis  of  the  problem,  for  all  depths  which  are  suffi- 
ciently small  compared  with  the  earth's  radius.  It  might  be  taken 
as  approximately  true  for  at  least  200  or  300  miles,  supposing  the 
constitution  of  the  earth  to  such  depths  to  be  similar  to  that  at  its 
surface.  Observation  has  corroborated  the  truth  of  the  conclusion 
to  all  accessible  depths,  the  deviations  from  the  law  being  considered 
as  due  to  local  causes. 

3.  The  oscillations  of  temperature  above-mentioned  within  the 
range  of  60  or  70  feet  in  this  latitude,  whether  diurnal  or  annual,  are 
due  to  the  irregular  supply  of  heat  received  from  the  sun,  especially 
in  the  higher  latitudes.  The  continuous  supply  of  heat  from  the  sun 
during  an  indefinite  period  has  also  prevented  the  mean  internal  tem- 
perature at  any  point  from  descending  so  low  as  it  would  have  done 
in  the  absence  of  that  luminary.  Thus  the  actual  temperature  of 
anv  point  within  the  earth  is  partly  due  to  the  remains  of  the  earth's 
primitive  heat  (according  to  tne  theory  of  terrestrial  temperature  that 
we  are  now  considering),  and  partly  to  the  heat  received  from  the  sun 
during;  the  whole  term  of  the  earth's  refrigeration.  Poisson  has  esti- 
mated the  part  of  the  earth's  superficial  mean  temperature  due  to  the 
latter  cause  at  about  43°  F.  in  the  latitude  of  Paris,  more  than  59°  F. 
at  the  equator,  and  less  than  25°  F.  at  the  poles.  These  results,  how- 
ever, may  be  liable  to  considerable  uncertainty.  No  further  alteration 
can  take  place  from  this  cause.  The  part  of  the  superficial  tempe- 
rature due  to  the  primitive  heat  is  determined  without  any  simuar 
uncertainty.  It  is  very  small,  amounting  only  to  about  one-twentieth 
of  a  degree  of  Fahrenheit.  It  must  have  been  constantly  diminishing 
for  an  immense  period  of  time,  and  has  now  approximated  so  near  to 
its  ultimate  limit,  that  if  the  earth's  refrigeration  should  continue 
under  the  same  external  conditions  as  at  present,  it  would  require,  as 
shown  by  Poisson,  the  enormous  period  of  a  hundred  thousand  mil- 
lions of  years  to  reduce  this  small  fraction  to  half  its  actual  value. 
Hence  the  mean  superficial  temperature  of  the  earth,  and  consequently 
the  mean  temperature  of  the  atmosphere  in  contact  with  the  earth's 
surface,  may  be  considered  as  sensibly  unalterable  for  all  future  time, 
provided  always,  that  the  sun,  the  earth's  atmosphere,  and  the  tem- 
perature of  surrounding  space  shall  remain  unchanged. 

4.  We  are  here,  however,  more  immediately  concerned  with  past 
than  future  changes.  We  should  not  be  justified  in  supposing,  from 
what  I  have  stated  respecting  the  slow  future  variation  of  the  earth's 
superficial  temperature,  that  it  has  been  equally  slow  for  an  equal 
period  of  past  time ;  but  still  it  is  highly  probable  that  some  million* 


1851.] 


HOPKINS  ON  CHANGES  OF  C  I.I  MATE. 


59 


of  centuries  must  have  elapsed  since  the  mean  superficial  temperature 
could  have  been  greater  by  a  single  degree  than  at  present,  from  the 
operation  of  the  causes  we  are  now  discussing,  assuming  the  per- 
manence of  the  conditions  above-mentioned.  However  imperfect  our 
geological  chronology  may  be,  these  enormous  periods  of  time  seem 
almost  to  preclude  the  possibility  of  applying  this  theory  to  account 
for  the  changes  of  temperature  of  which  we  have  eviaence  in  the 
more  recent  geological  periods. 

5.  There  is  also  another  result  for  which  we  are  indebted  to  the  ma- 
thematical solution  of  the  problem  of  terrestrial  temperature.  The 
effect  of  internal  heat  on  the  earth's  superficial  temperature  must 
have  been,  during  a  long  period,  constantly  decreasing,  as  already 
stated.  Also  the  rate  at  which  the  internal  heat  decreases  as  the  depth 
beneath  the  earth's  surface  increases,  must,  for  a  like  period  of  time, 
have  been  constantly  decreasing.  The  present  effect  of  the  internal 
heat,  as  above-stated,  is  about  ^th  of  a  degreee ;  and  the  rate  of 
increase  of  temperature  below  the  earth's  surface  is  about  1°  F. 
for  every  60  feet.  Now  we  learn  from  mathematical  investigation 
that  this  effect  of  the  internal  heat  on  the  superficial  temperature 
bears  a  constant  ratio  to  the  rate  of  increase  just  mentioned.  Con- 
sequently, knowing  this  ratio  at  the  present  time,  we  can  ascertain 
the  rate  at  which  the  temperature  must  have  increased  in  descending, 
at  any  past  geological  epoch  at  which  the  effect  of  the  earth's  internal 
heat  on  the  superficial  temperature  was  of  any  assigned  amount. 
Thus,  when  the  superficial  temperature  was  raised  1°  F.,  twenty  times 
the  present  amount,  by  this  cause,  the  descending  rate  of  increase 
must  have  been  twenty  times  as  great  as  at  present,  about  20°  F.  for 
every  60  feet ;  and,  if  the  superficial  temperature  were  thus  raised 
about  10°  F.,  the  temperature  at  the  depth  of  60  feet  would,  according 
to  the  same  law,  exceed  200°  F.,  and  all  but  surface-springs  would  be 
springs  of  boiling  water.  This  physical  state  of  our  planet  would 
scarcely  perhaps  be  deemed  consistent  with  the  conditions  of  animal 
life  at  the  more  recent  geological  epochs. 

6.  Formerly  it  was  generally  supposed  that  the  only  changes  of 
climatal  conditions  which  could  be  recognized  by  the  geologist,  were 
changes  from  a  higher  to  a  lower  general  temperature  on  the  earth's 
surface.  More  accurate  geological  research,  however,  has  now  shown 
that  there  has  been  no  such  regular  descending  progression,  but  that 
these  changes  have  been  to  a  considerable  extent  of  an  oscillatory 
character,  and  so  far  as  they  may  be  thus  characterized,  they  cannot 
of  course  be  accounted  for  by  the  earth's  internal  heat.  So  far  as 
the  effectiveness  of  this  cause  on  climatal  conditions  can  be  recognized, 
it  can  only  be  with  reference  to  periods  which,  according  to  the  or- 
dinary modes  of  estimating  time,  must  be  considered  as  of  enormous 
antiquity,  whatever  portion  of  the  great  series  of  geological  events 
might  belong  to  them.  We  must  manifestly  seek  for  other  causes  to 
account  for  the  changes  of  temperature  which  mark  the  more  recent 
geological  periods. 
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§  II.  Influence  of  Heat  radiating  from  External  Bodies. 

7.  It  has  lone  been  an  opinion  prevalent  among  philosophers,  that 
the  sun,  with  the  stars  in  general,  has  a  proper  motion  of  his  own 
from  one  part  of  space  to  another ;  but  it  is  only  in  recent  times  that 
astronomers  have  been  able  to  offer  anything  like  demonstrative  evi- 
dence of  such  being  the  fact.  At  present  no  one,  probably,  who  is 
prepared  to  appreciate  that  evidence  will  entertain  any  serious  doubts 
as  to  the  existence  of  the  motion  in  question.  M.  Argelander,  M. 
O.  Strove,  and  finally  our  countryman  Mr.  Galloway  have  all  arrived 
at  results  respecting  the  instantaneous  direction  of  the  sun's  motion, 
which,  considering  the  nature  of  the  problem,  present  a  very  striking 
accordance  with  each  other.  M.  O.  Strove  has  also  calculated  the 
velocity  with  which  the  sun  is  moving.  His  result  is,  that  if  the 
sun  were  seen  from  the  mean  distance  of  stars  of  the  first  magnitude, 
he  would  appear  to  describe  an  arc  of  about  \rd  of  a  second  in  a 
year.  If  this  motion  were  rectilinear  and  uniform,  it  would  require  a 
period  of  nearly  seven  hundred  thousand  years  for  the  sun  to  move 
over  a  space  equal  to  the  mean  distance  of  the  stars  of  the  first 
magnitude  from  the  earth.  This  result  of  M.  Strove' s  is  probably 
liable  to  serious  error,  but  it  is  not  likely,  I  conceive,  that  the  true 
motion  of  the  sun  can  be  materially  greater  than  his  estimated  motion. 

There  can  be  no  reasonable  doubt  that  the  stars  are  bodies  of  the 
same  nature  as  the  sun  of  our  own  system,  so  far  as  regards  the 
emission  of  heat  and  light.  Thus  the  stellar  region  is  occupied  with 
innumerable  centres  of  heat,  and  must  at  different  points  have  very 
different  degrees  of  temperature,  as  measured  by  a  thermometer 
which  should  be  exposed  to  the  radiation  from  these  different  centres. 
This  consideration,  combined  with  that  of  the  proper  motion  of  the 
solar  system  from  one  part  of  space  to  another,  led  Poisson  to  the 
opinion  that  the  present  internal  temperature  of  the  earth  was  not 
due  to  its  primitive  heat,  but  to  the  circumstance  of  the  whole  solar 
system  having  passed  through  a  region  of  space  of  higher  tempe- 
rature than  that  now  occupied  by  it. 

If  we  consider  the  subject  with  reference  to  unlimited  periods  of 
time,  it  cannot  be  denied  that  this  may  have  been  a  possible  source 
of  terrestrial  temperatures,  although  we  may  at  the  same  time  be 
obliged  to  reject  toe  theory  in  its  application  to  the  climatal  changes 
of  the  more  recent  geological  periods.  Let  us  examine  how  far  it 
will  enable  us  to  account  for  the  comparative  cold  of  the  glacial  epoch 
in  western  Europe. 

The  stellar  system,  of  which  our  sun  must  be  considered  a  consti- 
tuent body,  consists  of  stars  generally  at  such  enormous  distances 
from  each  other,  that  the  region  more  immediately  around  each  star 
must  derive  an  exceedingly  small  quantity  of  heat  from  all  the  other 
stars,  compared  with  that  derived  from  the  one  placed  in  its  centre. 
The  earth  is  placed  in  a  region  of  this  kind  with  respect  to  the  sun. 
The  general  question  is — whether  the  arrangement  of  the  stars  with 
reference  to  the  sun  may,  at  past  geological  epochs,  have  so  far 
differed  from  the  present  arrangement,  as  to  have  altered  materially 
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the  temperature  of  the  region  in  which  the  earth  is  placed,  imme- 
diately surrounding  the  sun.  The  question,  however,  more  imme- 
diately before  us,  is  restricted  to  the  consideration  of  the  probability 
of  this  region  haying  been  so  much  colder  during  the  glacial  period 
than  at  present,  as  the  phenomena  of  that  period  would,  if  thus 
accounted  for,  require.  This  question  admits  of  a  very  definite 
answer. 

Whatever  may  be  the  indefiniteness  of  geological  periods  of  time, 
we  are  not  altogether  without  means  of  obtaining  a  rude  estimate  of 
the  time  which  must  have  been  required  for  the  production  of  some 
of  the  later  geological  pheenomena.  Sir  Charles  Lyell  has  estimated 
the  time  necessary  for  the  formation  of  the  delta  of  the  Mississippi, 
and  the  accumulation  of  the  alluvial  matter  of  the  plain  above,  at  about 
100,000  years.  The  Rhone  must  have  been  performing  incessantly 
a  similar  work  at  the  head  of  the  Lake  of  Geneva,  and  many  other 
rivers  at  the  heads  of  many  other  lakes,  probably  ever  since  the 
glacial  period.  Can  they  have  been  longer  m  effecting  their  compa- 
ratively minute  operations,  than  the  great  American  river  has  been 

Esrforming  its  great  work  of  deposition  ?  It  would  seem  improbable, 
ut  to  render  our  reasonings  the  more  definite,  let  us  suppose  100,000 
years  to  have  elapsed  since  the  period  of  low  temperature  in  western 
Europe. 

The  distance  which  the  solar  system  would  traverse  in  space  during 
that  time,  with  the  rate  of  motion  above  given,  as  calculated  by  M. 
O.  Struve,  would  be  equal  to  about  jth  of  the  sun's  mean  distance 
from  the  stars  of  the  first  magnitude.  Conceive  an  imaginary  sphere, 
having  the  earth  in  its  centre,  and  of  which  this  distance  should  be 
the  radius.  Then  the  question  is, — What  variation  of  the  temperature 
due  to  stellar  radiation  may  there  be  within  this  imaginary  sphere  ? 

We  have  no  means  of  estimating  the  whole  effect  of  the  aggregate 
radiation  of  all  the  stars  in  space ;  but  we  know  that  any  sensible 
variation  of  temperature  due  to  that  cause  within  a  limited  space  like 
that  of  our  imaginary  sphere,  must  be  entirely  due  to  the  influence 
of  stars  more  immediately  in  its  vicinity.  Now  we  know  that  the 
effect  of  radiation  from  these  nearer  stars,  at  their  present  distances, 
on  the  temperature  of  any  point  within  the  solar  system,  is  exceed- 
ingly small,  and  therefore,  that  the  minimum  temperature  at  any  point 
within  the  above-mentioned  sphere  can  differ  only  by  an  exceedingly 
small,  and  probably  inappreciable,  quantity  from  the  temperature  of 
the  portion  of  space  now  occupied  by  the  earth's  orbit, — the  tempe- 
rature here  spoken  of  being  always  understood  to  be  that  which  is 
due  to  stellar,  and  independent  of  solar  radiation.  A  similar  con- 
clusion would  not  be  necessarily  applicable  to  the  maximum  tempe- 
rature ;  because  some  part  of  the  boundary  of  any  proposed  limited 
space,  like  that  of  our  imaginary  sphere,  might  so  far  approximate 
to  one  particular  star  as  to  come  under  the  influence  of  a  radiation 
from  it,  indefinitely  greater  than  that  from  any  other  star.  With 
centres  of  heat  there  must  be  local  spaces  of  very  high  temperature, 
but  there  are  no  corresponding  limited  spaces  of  very  low  tempe- 
rature, because  there  are  no  corresponding  centres  of  cold.  These 
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same  conclusions  would  hold  true  almost  in  the  same  degree,  if  the 
time  since  the  glacial  period,  or  the  velocity  with  which  the  sun  is 
moving,  he  much  greater  than  above  supposed.  I  think  it  dear, 
therefore,  that  the  cold  of  the  glacial  epoch  cannot  be  attributed  to 
the  cause  we  are  now  discussing. 

8.  As  far  as  we  are  acquainted  with  the  disposition  of  the  stars 
>  :  :  very  remote  from  our  own  position  in  stellar  space,  it  would  seem 
probable  that  the  distances  of  the  stars  from  each  other  are  such  that 
there  are  no  points  at  present  among  them  at  which  the  intensity  of 
radiating  heat  is  comparable  to  that  which  the  earth  derives  from  the 
sun,  except  at  points  so  near  to  each  star  that  the  heat  derived  from 
it  is  incomparably  greater  than  from  any  other  star.  Thus,  if  the 
earth  could  derive  a  degree  of  heat  from  stellar  radiation  comparable 
with  that  now  derived  from  the  sun,  it  could  only  be  by  her  close 
proximity  to  some  other  particular  star,  leaving  the  aggregate  effect 
of  radiation  from  the  other  stars  nearly  the  same  as  at  present.  This 

Eimation  of  position  to  a  single  star,  however,  could  not  take 
consistently  with  the  preservation  not  only  of  the  remoter 
of  the  solar  system,  but  even  of  the  motion  of  the  earth  about 
the  sun,  according  to  its  present  laws. 

Suppose  our  sun  should  approach  a  star  within  the  present  distance 
of  Neptune.  That  planet  would  no  longer  remain  a  member  of  the 
solar  system,  and  the  motions  of  the  other  planets  would  be  dis- 
turbed in  a  degree  which  no  one  has  ever  contemplated  as  probable 
since  the  existence  of  the  solar  system.  But  such  a  star,  supposing 
it  to  be  no  larger  than  the  sun,  and  to  emit  the  same  intensity  of 
heat,  would  not  send  to  the  earth  much  more  than  one-thousandth 
part  of  the  heat  which  she  derives  from  the  sun,  and  would  therefore 
produce  only  a  very  small  change  of  terrestrial  temperature. 

The  only  case  I  can  conceive  which  might  possibly  be  consistent 
with  the  continued  existence  of  the  solar  system  in  nearly  its  present 
form,  and  in  which  stellar  radiation  might  produce  any  great  effect 
on  terrestrial  temperature,  would  be  that  in  which  the  sun  should  be 
surrounded  by  an  immense  group  of  stars,  and  that  their  proximity 
-Ij -slid  be  sufficient  to  rive  effect  to  their  radiation,  while  their 
arrangement  should  produce  a  mutual  counteraction  of  their  dis- 
[  urbmg  influences  on  the  planetary  motions.  But  such  a  group  of 
stars  must  be  sought  for  in  some  portion  of  the  stellar  space  remote 
from  the  region  which  the  solar  system  now  occupies,  or  in  a  new 
grouping  of  the  stars  by  their  own  proper  motions,  in  the  space 
immediately  surrounding  that  region ;  and  such  changes,  if  they  be 


which  would  render  the  theory  utterly  inapplicable  to  the  explanation 
m  changes  of  temperature  at  the  more  recent  geological  epochs. 


iods  of  time 
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Part  II. 

On  the  Influence  of  various  Configurations  of  Land  and 
Sea,  and  Oceanic  Currents,  on  the  Earth's  Superficial 
Temperature. 

Haying  discussed  the  operation  of  internal  and  external  causes  on 
the  temperature  of  the  surface  of  the  earth,  I  now  proceed  to  the 
consideration  of  the  influences  of  superficial  causes  depending  on  the 
configuration  of  land  and  sea,  and  on  the  oceanic  currents  which  re- 
sult from  such  configuration,  or  are  greatly  modified  by  it.  The  ad- 
mirable map  of  isothermal  lines  by  Humboldt  and  Dove,  embodying, 
as  it  does,  all  the  best-established  observations  on  temperature  in  all 
the  accessible  regions  of  the  earth,  affords  us  data  for  this  investiga- 
tion far  superior  to  all  we  have  hitherto  possessed.  Every  geologist 
is  aware  how  long  and  ably  Sir  Charles  Lyell  has  advocated  the  effi- 
ciency of  the  above-mentioned  causes  of  change  of  climatal  condi- 
tions ;  but  before  the  publication  of  this  isothermal  map,  the  geolo- 
gist had  no  adequate  means  of  estimating  numerically  the  effects 
which  these  causes  were  capable  of  producing.  The  want  of  this 
quantitative  evaluation  of  the  intensity  of  assigned  causes  has  hitherto 
necessarily  given  to  the  theoretical  views  founded  upon  them  much 
of  a  conjectural  character,  which  it  is  my  object,  with  the  improved 
means  we  possess,  as  far  as  possible  to  remove. 

Every  separate  configuration  of  land  and  sea  which  we  may  sup- 
pose to  have  existed  at  any  assigned  geological  period  would  require 
a  separate  investigation,  in  order  to  ascertain  its  effect  on  the  climatal 
conditions  of  that  period.  In  this  paper  I  shall  restrict  myself  to 
the  examination  of  those  hypothetical  cases  which,  according  to  the 
general  views  of  different  geologists,  may  have  been  actual  cases  du- 
ring the  later  periods  of  geological  history ;  and  my  more  especial 
object  will  be,  moreover,  to  ascertain  whether  any  of  these  supposed 
configurations  will  enable  us  to  account  for  the  cold  of  the  glacial 
period  in  our  own  region  of  western  Europe ;  and,  if  so,  which  of 
them  must  be  regarded  as  most  effective  for  this  purpose. 

9.  In  examining  the  course  of  the  isothermal  lines  for  the  north- 
ern hemisphere,  we  are  at  once  struck  by  their  extraordinary  devia- 
tions from  parallelism  with  the  equator,  which  must  be  considered  as 
their  normal  type.  The  most  remarkable  of  these  deviations  is  that 
which  exists  in  the  northern  part  of  the  Atlantic  and  in  the  adjoining 
part  of  the  North  Sea.  (See  Map,  Plate  II.)  The  isothermals  for 
every  month,  but  especially  those  for  the  winter  months,  have  an  ex- 
traordinary deviation  and  convexity  towards  the  north.  Again,  in 
north-eastern  Asia  the  abnormal  courses  of  these  lines  are  almost 
equally  remarkable.  For  the  winter  months,  the  deviation,  and  con- 
sequent convexity,  of  the  lines  is  here  to  the  south ;  while  the  sum- 
mer lines  deviate,  on  the  contrary,  to  the  north.  Deviations  also 
exactly  similar  to  those  of  north-eastern  Asia  exist  in  the  northern 
part  of  the  New  Continent.  The  deviations  from  the  normal  types 
in  the  southern  hemisphere  are  much  smaller,  the  principal  ones 
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being  those  on  the  western  coast  of  South  Africa,  and  the  western 
coast  of  South  America  respectively. 

The  abnormal  forms  of  the  isothermals  in  the  northern  Atlantic 
and  North  Sea  are  manifestly  doe  principallv  to  the  warm  waters  of 
the  Gulf  Stream ;  those  of  eastern  Asia  and  North  America  are  attri- 
butable to  the  existence  of  large  masses  of  land  in  high  northern 
latitudes ;  while  those  above-mentioned  in  the  southern  hemisphere 
are  immediately  traceable  to  the  influence  of  well-known  ocean-cur- 
rents setting  from  the  south  towards  the  equator  along  the  coasts  of 
southern  Africa  and  South  America.  The  water  of  these  currents 
reduces  the  temperature  of  those  parts  of  the  ocean  through  which 
they  pass,  and  consequently  also  that  of  the  superincumbent  atmo- 
sphere, and  thus  causes  the  isothermals  to  deflate  to  the  north  of 
tneir  normal  positions.  Thus  an  examination  of  all  the  principal 
deviations  of  the  isothermal  lines  from  their  normal  types  leads  to 
the  conclusion  that  ocean-currents  and  the  configuration  of  the  great 
continents  are  the  principal  general  causes  which  produce  iiTegulari- 
ties  in  the  forms  of  those  lines ;  and,  moreover,  a  knowledge  of  these 
causes  enables  us  to  assign  to  the  isothermals  their  approximate  po- 
sitions in  any  proposed  hypothetical  case  in  which  the  disposition  of 
land  and  sea  should  be  different  from  that  which  obtains  at  the  pre- 
sent time. 

The  different  hypothetical  cases  for  which  I  shall  endeavour  to 
determine  the  isothermal  lines  are  the  following : — 

(\.)  The  configuration  of  land  and  sea  the  same  as  at  present,  but 
without  the  Gulf-stream. 

(2.)  The  Gulf-stream  the  same  as  at  present,  except  that  its  pro- 
gress into  the  North  Sea  is  supposed  to  be  arrested  by  a  barrier  of 
land,  extending  from  the  north  of  Scotland  to  Iceland  and  thence  to 
the  coast  of  Greenland. 

(3.)  The  basin  of  the  Atlantic  from  the  Tropic  to  the  North  Sea 
converted  into  land,  uniting  the  old  and  new  continents. 

(4.)  Large  portions  of  the  continents  of  £urope  and  North  Ame- 
rica submerged!  beneath  the  surface  of  the  ocean,  and  the  Gulf-stream 
diverted  into  some  other  course. 

The  consideration  of  these  cases  will  occupy  the  first  Section  of 
this  Part  of  the  memoir. 

10.  The  snow-line,  or  that  line  on  the  side  of  a  mountain  above 
which  the  snow  never  disappears  at  any  season  of  the  year,  bears  an 
important  relation  to  glaciers,  since  it  divides  that  higher  region, 
in  which  productive  agencies  prevail  in  augmenting  superficially  the 
mass  of  a  glacier,  from  the  lower  region,  in  which  the  destructive 
agencies  predominate.  It  is  essential  to  our  investigations  to  know 
the  vertical  distance  which  existing  glaciers  usually  descend  beneath 
the  snow-line,  that  we  may  be  able  to  judge  by  analogy  of  the  pro- 
bable distances  to  which  ancient  glaciers  may  have  descended. 

As  we  ascend  from  the  surface  of  the  earth,  the  mean  annual 
temperature  decreases  according  to  laws  which  have  been  approxi- 
mately determined  by  observation.  If  this  temperature,  therefore,  at 
any  proposed  place  be  greater  than  32°  F.,  we  shall  only  arrive  at 
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this  latter  temperature  at  a  certain  elevation  above  the  earth's  sur- 
face. A  line  on  the  side  of  a  mountain,  or  an  imaginary  line  in  space, 
along  which  the  mean  annual  temperature  is  32°  F.,  I  define  as  the 
line  of  32°  F.  Its  height  can  be  approximately  calculated  for  any 
place  at  which  the  mean  annual  temperature  is  known.  In  sufficiently 
low  latitudes  it  will  be  at  a  considerable  height  above  the  earth's  sur- 
face, but  will  descend  to  the  surface  along  the  mean  annual  isother- 
mal of  32°  F.  as  we  proceed  into  higher  latitudes.  The  relative 
heights  of  this  line  and  of  the  snow-line  at  the  present  time  depend 
on  circumstances.  It  is  essential  to  ascertain  these  circumstances  and 
their  influence,  that  we  may  be  the  better  able  to  estimate  the  height 
of  the  snow-hne  in  the  hypothetical  cases  which  I  purpose  to  consi- 
der. We  shall  then  be  able,  as  intimated  in  the  preceding  paragraph, 
to  estimate  the  height  above  the  level  of  the  sea  to  which  the  ancient 
glaciers  may  have  descended.  The  second  Section  of  this  Part  will 
be  occupied  with  the  consideration  of  these  points.  In  the  third  and 
final  Section  I  shall  offer  some  observations  on  the  relative  claims  of 
the  different  hypotheses  of  the  first  two  Sections  to  form  the  foun- 
dation of  geological  theories. 

§  I.  On  the  Positions  of  the  Isothermal  Lines  in  the  above- 
mentioned  hypothetical  cases. 

11.  Taking  the  first  case,  that  of  the  absence  of  the  Gulf-stream, 
let  us  trace  the  probable  course  of  the  January  isothermal  of  32°  F. 
(see  Map).  Proceeding  from  east  to  west,  we  observe  that  it  attains 
its  most  southerly  point  on  the  high  table-lands  of  south-eastern  Asia, 
proceeding  thence  with  a  little  inclination  towards  the  north  until  it 
has  passed  the  Black  Sea  and  arrived  at  the  longitude  of  20°  £.  As 
far  as  this  point  we  may  assume  its  position  to  be  unaffected  by  the 
influence  of  the  Atlantic  waters  wanned  by  the  Gulf-stream.  This 
influence,  however,  begins  to  show  itself  immediately  to  the  west  of 
the  point  above-mentioned,  in  the  irregular  and  extensive  deflection 
to  the  northward,  which  there  begins  to  characterize  this  isother- 
mal. This  deflection  is  not  entirely  attributable  to  the  Gulf-stream, 
for  the  Atlantic  Ocean,  independently  of  any  wanning  currents, 
would  undoubtedly  produce  some  effect  in  lessening  the  winter  cold 
of  western  Europe,  and  therefore  produce  northern  inflections  of  the 
winter  isothermals.  Another  reason  for  the  more  northern  position  of 
this  line  in  western  Europe  than  in  south-eastern  Asia  is  the  absence 
of  that  high  table-land  in  the  former  region  which  characterizes  the 
latter.  To  represent  these  influences,  I  have  drawn  the  isothermal 
for  our  supposed  case  so  as  to  continue  to  the  coast  the  general 
northward  direction  which  the  actual  line  acquires  about  the  20th 
degree  of  longitude  (see  Map).  This  causes  it  to  meet  the  Atlantic 
on  the  extreme  western  coast  of  Brittany.  If  we  should  draw  the 
isothermal  directly  west  from  the  meridian  of  20°  of  long.,  it  would 
cause  the  isothermal  of  about  24°  F.  to  pass  through  that  point  of 
the  coast  through  which  the  line  of  32°  F.  passes  as  I  have  drawn  it, 
so  that  8°  is  thus  allowed  for  the  influence  of  the  Atlantic  Ocean, 
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independently  of  the  Gulf-stream,  ou  the  mean  January  temperature 
about  these  parts  of  the  coast  of  western  Europe.  The  actual  tem- 
perature of  the  west  coast  of  Brittany  for  January  is  about  42°  F., 
instead  of  32°  F.,  as  it  would  be  in  the  absence  of  the  Gulf-stream, 
according  to  the  position  of  my  imaginary  isothermal  for  that  case. 
I  am,  therefore,  thus  assigning  an  amount  of  10°  F.  for  the  influ- 
ence of  the  Gulf-stream  on  the  January  temperature  of  the  coast  of 
Brittany.  The  whole  effect,  therefore,  of  the  Atlantic  with  the  Gulf- 
stream  on  that  coast  is  thus  estimated  at  18°  F. 

In  traversing  North  America,  the  extensive  mass  of  land  to  the 
north  brings  down  the  winter  isothermals  again  to  almost  as  low  lati- 
tudes as  in  eastern  Asia.  The  actual  isothermal  of  32°  F.  meets  the 
American  coast  a  little  south  of  Philadelphia,  and  then  pursues  a 
very  nearly  western  course  until  it  reaches  the  meridian  of  about 
106°  W.  long.,  where  it  begins  to  be  affected  by  the  Pacific  Ocean 
and  to  deviate  considerably  to  the  northward.  To  complete  my  hy- 
pothetical line  of  32°  F.,  I  join  the  point  to  which  we  have  already 
traced  it  on  the  coast  of  Brittany  with  that  at  which  the  actual  iso- 
thermal meets  the  coast  of  Philadelphia  as  just  mentioned,  the  con- 
necting line  being  slightly  convex  towards  the  north  on  the  coast  of 
Europe,  and  to  the  south  on  the  coast  of  America,  as  is  required  by 
the  continuity  of  its  curvature.  Across  America,  and  to  the  west  of 
it,  the  isothermal  must  manifestly  be  beyond  the  influence  of  the 
Gulf-stream,  and  our  hypothetical  line  must  consequently  coincide 
with  it. 

It  would  appear  from  the  existing  isothermals,  that  the  Gulf-stream 
produces  little  effect  on  the  temperature,  even  in  winter,  on  the  east- 
ern coast  of  America,  as  compared  with  its  effect  on  the  western 
coast  of  Europe.  There  are  several  causes  which  may  be  assigned 
for  this  difference.  After  the  stream  has  passed  the  straits  of  Ba- 
hama, it  passes  into  an  ocean  of  which  the  temperature  is  not  much 
inferior  to  its  own,  and  more  northerly  its  influence  must  be  in  some 
degree  counteracted  by  the  cold  current  proceeding  southward 
through  Davis's  Straits.  To  the  influence  of  these  causes  may  be 
added  that  of  the  west  winds  which  appear  to  prevail  on  the  eastern 
coast  of  America  as  well  as  on  the  western  coast  of  Europe.  The??, 
coming  from  the  land  in  the  former  case,  and  from  the  ocean  in  the 
latter,  tend  to  lower  the  winter  temperature  on  the  American,  while 
they  raise  it  on  the  European  coast. 

The  deflection  of  the  actual  January  isothermal  of  32°  to  the 
northward  on  the  western  coast  of  N.  America  is  considerably  more 
rapid  than  that  of  my  hypothetical  line  on  the  western  coast  of  Eu- 
rope. It  also  exceeds  that  of  the  lines  of  41°  and  50c  more  than  any 
mere  law  of  continuity  would  seem  to  require.  A  considerable  por- 
tion of  the  deflection  is  attributable,  I  doubt  not,  to  local  causes.  In 
fact,  a  considerable  current  is  described  as  setting  northward  along 
that  coast  from  about  the  45th  degree  of  latitude,  which  may  proba- 
bly account  for  this  extra  deviation.  The  remainder  must  be  attri- 
buted to  the  influence  of  the  Pacific  Ocean,  and  itould  probably  ac- 
wd  with  the  similar  deflection  which  I  have  given  to  my  hypothe- 
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tical  line  as  arising  from  a  similar  cause  on  the  western  coast  of 
Europe. 

Supposing  the  isothermal  we  have  been  considering  to  be  correctly 
drawn  for  our  hypothetical  case,  there  can  be  no  doubt,  I  conceive,  of 
the  approximate  accuracy  of  the  neighbouring  January  isothermals 
as  I  nave  drawn  them.  In  southern  Asia  they  are  compressed  near 
to  each  other  by  the  region  of  maximum  cold  which  lies  in  the  north- 
eastern portion  of  Asia.  As  they  approach  the  coast  of  western 
Europe  they  will  necessarily  become  more  dilated,  as  I  have  repre- 
sented them. 

12.  Let  us  now  examine  the  probable  position  of  the  isothermals 
for  July  in  the  hypothetical  case  of  the  non-existence  of  the  Gulf- 
stream.  These  lines,  it  will  be  observed,  as  they  now  exist,  have  an 
extraordinary  inflection  to  the  north  in  north-eastern  Asia.  As  we 
proceed  westward  from  that  region,  they  take  a  direction  consider- 
ably south  of  west,  until  they  come  under  the  influence  of  the  ano- 
malous temperatures  of  western  Europe.  This  influence,  however, 
does  not  sensibly  extend  so  far  southward  in  summer  as  in  winter,  on 
account  of  the  higher  temperature  of  the  northern  Atlantic  in  sum- 
mer. The  July  isothermal  of  63°*5  F.,  which  passes  immediately 
south  of  London,  seems  not  to  feel  it  in  any  sensible  degree.  This 
isothermal,  therefore,  and  all  those  to  the  south  of  it  may  be  consi- 
dered to  have  the  same  positions  in  our  hypothetical  case  as  in  the 
existing  one.  Those  immediately  on  the  north  of  the  isothermal  of 
63°*  5  must  necessarily  be  approximately  parallel  to  it.  We  observe 
also,  as  these  lines  approach  the  coast  of  America,  they  suffer  an 
anomalous  deflection  to  the  south,  due,  I  imagine,  to  the  polar  cur- 
rent setting  southwards  along  that  coast  from  Davis's  Straits,  the 
warm  season  being  that  in  which  this  cold  current  would  be  most 
felt.  I  have  drawn  the  isothermals  for  our  supposed  case,  as  inde- 
pendent of  these  anomalous  deviations,  and  such  as  their  actual  po- 
sitions on  the  east  and  west  of  the  region  of  these  irregular  influences 
obviously  indicate.  It  would  hence  appear,  that  the  Gulf-stream  has 
no  sensible  influence  on  the  July  temperature  of  London,  or  of  places 
in  western  Europe  further  to  the  south. 

13.  We  are  now  prepared  to  estimate  the  effect  produced  by  the 
Gulf-stream  on  the  mean  annual  temperature  of  any  assigned  place. 
The  following  are  the  approximate  numerical  values  of  the  tempera- 
tures for  January  and  July,  and  the  mean  annual  temperature,  con- 
sidered as  the  mean  of  those  two  temperatures,  for  the  Alps,  Snow- 
don,  the  northern  extremity  of  Scotland,  and  centre  of  Iceland ;  both 
for  the  present  time,  and  for  our  hypothetical  case,  in  which,  it  will 
be  recollected,  the  configuration  of  land  and  sea  is  supposed  to  be 
the  same  as  at  present,  but  the  Gulf-stream  not  to  exist.  The  tem- 
peratures are  all  determined  by  Dove's  map. 
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14.  The  next  case  I  have  proposed  for  discussion  is  that  in  which 
the  Gulf-stream  should  exist,  with  a  barrier  of  land  connecting  Scot- 
land with  Iceland,  and  that  island  with  Greenland.  Since  this  bar- 
rier  would  intercept  the  influx  of  the  Gulf-stream  into  the  North 
Sea,  it  would  very  much  reduce  the  temperature  there,  and  in  all 
the  northern  parts  of  Scandinavia.  On  the  other  hand,  the  waters 
of  the  Gulf-stream,  being  now  confined  to  the  northern  part  of  the 
Atlantic,  would  considerably  raise  the  temperature  of  that  region. 
According  to  our  preceding  estimate,  the  present  increase  of  mean 
annual  temperature  due  to  the  Gulf-stream  is  as  follows : — 

18°  F.     in  Iceland ;  7°  5  F.  at  Snowdon ; 

12°*25  F.  in  the  north  of  Scotland ;         3°  F.    at  the  Alps. 

The  mean  annual  temperature  on  the  south  coast  of  Iceland  is  now 
about  40°.  It  is,  I  think,  probable  that  this  might  be  raised  by  4° 
or  5°  in  the  case  supposed,  which  would  make  it  approximate  to  the 
mean  annual  temperature  of  the  English  Channel.  This  effect  on 
the  mean  temperature  would  be  due  principally  to  the  effect  on  the 
winter  temperature.  If  this  latter  were  increased  6°  or  7°,  and  the 
summer  temperature  2°  or  3°,  the  January  temperature  would  be 
nearly  uniform  (or  the  January  isothermal  would  run  nearly  north 
and  south)  from  Iceland  to  the  latitude  of  the  Alps  or  central  France. 
The  January  isothermal  of  32°  now  runs  north  and  south  through 
an  eaual  extent  of  latitude  from  a  point  several  degrees  north  of  the 
Arctic  circle  to  the  southern  shore  of  the  German  Ocean.   On  the 


*  This  it  deduced  from  the  mean  of  the  monthly  temperature*.  The  i 
annual  temperatures  above  given  for  the  other  catet  is  almost  identical  with  those 
deduced  from  the  monthly  temperatures.  The  discrepancy  of  3°  in  the  case  of 
Iceland  may  be  attributed  to  local  peculiarities. 
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north  of  the  barrier,  on  the  contrary,  the  variation  of  temperature 
would  be  more  rapid  than  at  present. 

15.  The  next  supposed  case  is  that  in  which  the  whole  Atlantic, 
from  the  equator  northward  to  Greenland,  Iceland,  and  the  North 


no  reason  why  the  isothermals  should  not  preserve  their  parallelism, 
with  the  exception  of  merely  local  deviations,  from  points  near  the 
east  coast  of  Asia  to  corresponding  points  near  the  west  coast  of  North 
America.  Let  us  first  consider  the  January  isothermal  of  32°  F.  in 
the  northern  hemisphere. 

If  we  take  this  line  as  drawn  independently  of  the  disturbing  in- 
fluence of  the  Gulf-stream,  but  supposing  the  Atlantic  still  to  exist, 
it  is  characterized  by  a  northward  inflection  as  it  approaches  the  At- 
lantic, due  to  the  influence  of  that  ocean.  In  the  present  case  there 
is  no  reason  for  that  inflection,  and  we  may  assume  the  isothermal  to 
pass  nearly  in  a  straight  line  from  the  Black  Sea  to  the  point  where 
the  actual  isothermal  of  32°  F.  meets  the  coast  of  America.  This 
will  render  its  course  nearly  a  straight  line  between  the  opposite 
coasts  of  the  single  continent  into  which  the  two  existing  continent* 
would  be  united  in  the  case  we  are  considering.  Its  course  would  be 
very  nearly,  but  not  exactly,  east  and  west,  reaching  a  rather  lower 
latitude  in  Asia  than  in  America,  in  consequence  of  the  high  table- 
lands of  south-eastern  Asia. 

The  three  succeeding  existing  isothermals  to  the  north  on  Dove's 
map  (those  for  23°,  14s,  and  5^F.)  are  very  nearlv  parallel  to  that 
of  32°,  and  equidistant  from  each  other  through  about  80°  of  long, 
in  Asia,  and  through  30°  of  long,  in  N.  America.  In  the  interme- 
diate space  they  are  inflected  to  the  north  by  the  Atlantic.  Their 
positions  in  our  present  hypothetical  case  would  doubtless  be  ap- 
proximately determined  by  substituting  straight  lines  across  this  in- 
termediate space,  for  the  actual  inflected  lines.  (See  Map,  PI.  II.) 

The  present  winter  isothermals,  north  of  those  just  mentioned, 
become  more  irregular  in  their  course  in  eastern  Asia,  as  well  as  in 
North  America.  In  the  former  region  the  distance  of  successive 
lines  from  each  other  is  somewhat  less  than  in  the  latter,  owing  to 
the  unsymmetrical  position  of  the  region  of  maximum  cold,  which, 
instead  of  being  symmetrically  situated  round  the  north  pole,  inclines 
considerably  towards  north-eastern  Asia.  This  position  must  be  due, 
in  great  measure,  I  conceive,  to  the  influence  of  the  North  Sea, 
warmed  as  it  is  by  the  Gulf-stream.  In  our  hypothetical  case  this 
cause  would  be  removed,  and  we  may  conclude  that  the  region  of 
maximum  cold  would  be  situated  nearly  symmetrically  with  reference 
to  our  one  great  continent,  but  inclined  from  the  pole  towards  that 
continent,  and  from  the  great  Pacific  Ocean  situated  on  the  opposite 
side  of  the  pole.  The  probable  longitude  of  its  central  point  would 
be  nearly  that  .of  the  present  western  coast  of  Europe.  This  would 
bring  the  isothermals  m  our  hypothetical  case,  lying  on  the  north  of 
those  already  traced,  into  approximate  parallelism  with  the  equator 
between  the  eastern  coast  of  Asia  and  the  western  coast  of  America. 
The  distances  between  them  (for  such,  at  least,  as  should  not  be  too 
far  to  the  north)  would  necessarily  be  much  the  same  as  between 


In  this  case  there  would  be 
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those  of  which  the  positions  have  been  previously  discussed, — the  iso- 
thermal* of  32°,  and  the  three  succeeding  it  to  the  north. 

The  approximate  positions  of  the  winter  isothermal*  on  the  south 
of  that  of  32°,  and  in  the  northern  hemisphere,  may  be  easily  inferred 
in  like  manner.    It  is  not  necessary  here  to  discuss  them  in  detail. 

Let  us  now  take  the  July  isothermals  for  the  northern  hemisphere. 
In  Asia  there  would  seem  to  be  no  reason  why  they  should  differ 
materially  in  the  present  case  from  the  actually  existing  lines.  West 
of  the  meridian  of  60°  £.  the  two  lines  of  36**5  and  41°,  delineated 
on  Dove's  map,  are  manifestly  affected  by  the  Gulf-stream.  The  next 
to  the  south,  that  of  45°*5,  together  with  the  two  succeeding  lines, 
follow  the  inflection  of  the  northern  coast  of  Scandinavia,  and  must 
be  considered  as  influenced  in  a  small  degree  by  the  same  cause.  If 
we  place  them  a  little  more  southward,  but  still  allowing  for  the  ten- 
dency of  the  slight  northern  projection  of  the  continent  in  that  re- 
gion to  inflect  these  summer  isothermals  to  the  north,  their  positions 
will  be  approximately  correct  for  our  supposed  case.  Further  west 
we  must  destroy  the  southward  inflections  produced  by  the  Atlantic, 
and  continue  the  isothermals  almost  directly  west  to  the  most  north- 
ern points  through  which  the  existing  ones  pass  respectively  in  the 
north-western  part  of  N.  America,  about  the  meridian  of  130°  or 
140°  of  W.  long. 

Again,  the  isothermals  still  more  to  the  south  may  be  considered 
as  unaffected  by  the  filling  up  of  the  Atlantic,  at  the  points  at  which 
they  meet  the  meridians  of  60°  £.  long,  (that  of  the  Ural  Mountains), 
and  at  those  of  100°  to  120°  W.  long.  Straight  tines  joining  these 
respectively  would  represent  the  isothermals  of  the  intermediate  space 
independently  of  merely  local  variations. 

Taking  the  same  places  as  before,  we  have  the  following  results  in 
the  case  oefore  us  for  their  temperatures : — 
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The  isothermal  of  32°  F.  would  pass  nearly  through  Madrid.  The 
whole  climate  of  western  Europe  would  he  converted  into  an  extreme 
continental  climate  similar  to  that  of  north-eastern  Asia  at  present. 

16.  The  last  hypothetical  case  I  propose  to  consider  is  that  in 
which  all  the  lower  land  of  Europe  should  he  submerged  beneath  the 
surface  of  the  ocean.  This  tract  would  comprise  all  northern  Europe 
except  the  mountainous  parts  of  Scandinavia ;  nearly  the  whole  of 
Russia  in  Europe,  extending  southward  to  the  Black  Sea ;  together 
with  Central  and  Western  Europe  as  far  as  the  Pyrenees,  the  Alps 
and  the  Carpathian  Mountains,  except  those  limited  ranges  of  higher 
land  which  might  still  protrude  as  islands  above  the  surface  of  the 
ocean.  This  space  is  intended  to  include  all  that  over  which  the  sea 
of  the  period  of  the  Northern  Drift  must  once  have  extended  (sup- 
posing the  drift  to  be  of  submarine  origin),  together  with  such  fur- 
ther extension  southward  as  may  be  rendered  probable  by  the  confi- 
guration of  the  existing  surface  of  the  land.  1  shall  also  assume  the 
entire  absence  of  the  Gulf-stream.  I  shall  consider  hereafter  the 
manner  in  which  this  great  current  may  have  been  arrested,  or  di- 
verted from  its  present  course. 

In  discussing  the  positions  of  the  isothermal  lines  for  the  northern 
hemisphere  in  this  case,  we  may  again  commence  with  the  January 
line  of  32°  F.  There  appears  no  cause  for  any  material  alteration  in 
its  position  in  southern  Asia  east  of  the  meridian  of  about  the  70th 
degree  of  longitude.  To  the  west  of  that  meridian  the  influence  of 
the  ocean  extending  to  the  Black  and  Caspian  Seas  would  doubtless 
begin  to  deflect  it  towards  the  north,  and  probably  somewhat  more 
than  I  have  supposed  it  to  be  inflected  by  the  Atlantic,  independently 
of  the  effect  of  the  Gulf-stream.  From  the  30th  or  40th  degree  of 
east  longitude  it  would  proceed  nearly  west,  but  with  a  slight  deflec- 
tion to  the  south,  arising  from  the  influence  of  the  land  which  we 
may  suppose  still  to  exist  in  Scandinavia,  and  also  from  that  of  the 
northern  continent  of  Greenland.  This  would  cause  the  isothermal 
to  intersect  the  line  of  the  existing  French  coast  about  its  north- 
western extremity,  the  point  at  which  I  have  before  supposed  it  to 
be  intersected  by  the  line  of  32°  F.  in  the  absence  of  the  Gulf-stream. 
(See  Map.)  In  the  region  of  North  America  the  isothermal  would 
depend  on  the  manner  in  which  the  Gulf-stream  should  be  diverted 
from  its  present  course.  The  neighbouring  isothermals  would  follow 
the  course  of  that  of  32°  with  approximate  parallelism.  The  July 
isothermals,  which  should  traverse  the  sea  that  we  are  now  supposing 
to  extend  nearly  as  far  east  as  the  Ural  Mountains,  would  be  deflected 
southward  as  they  are  at  present  on  approaching  the  shores  of  west- 
ern Europe.  It  will  be  observed  that  the  July  isothermal  of  63°*5 
intersects  the  January  one  of  32°  (as  I  have  drawn  them  for  the  case 
previously  considered  of  the  absence  of  the  Gulf-stream)  at  a  point 
very  near  the  extreme  western  coast  of  Brittany  (art.  11,  p.  65). 
Between  this  point  and  the  meridian  of  the  Ural  Mountains,  the  Ja- 
nuary line  would  lie  more  to  the  north  and  the  July  one  more  to  the 
south,  by  the  influence  of  the  extended  ocean.  The  effect,  therefore, 
would  be  to  equalize  in  a  greater  degree  than  at  present  the  summer 
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and  winter  temperatures  of  the  tract  in  the  vicinity  of  the  European 
portions  of  these  lines,  hut  probably  without  producing  any  material 
changes  in  its  mean  annual  temperature.  This  tract  may  be  consi- 
dered as  comprising  the  whole  of  central  Europe,  together  with  its 
western  portion  from  the  Pyrenees  to  the  southern  shores  of  the 
Baltic.  It  is  the  region  in  which  the  geologist  is  more  especially 
interested  in  tracing  the  climatal  influences  of  changes  in  the  con* 
figuration  of  the  earth's  surface.  I  shall  therefore  endeavour  to  ascer- 
tain from  more  general  considerations  the  probable  effect  of  an  ex- 
tended ocean  on  the  winter,  the  summer,  and  the  mean  annual  tem- 
peratures of  the  region  in  question. 

1 7.  For  this  purpose  I  have  deduced  from  Dove's  map  the  follow- 
ing results  respecting  these  temperatures  for  the  20th,  30th,  40th, 
and  50th  parallels  of  latitude  in  both  hemispheres.  Each  result 
given  for  January  is  the  mean  of  the  January  temperatures  for  all 
places  situated  under  the  corresponding  parallel  of  latitude ;  and  each 
result  for  July  is  a  similar  mean  for  the  July  temperatures.  The 
mean  of  these  is  assumed  to  be  the  approximate  value  of  the  mean 
annual  temperature  of  the  different  parallels  respectively. 

Mean  Annual  Temperatures  of  different  Parallels  of  Latitude. 
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January  mean  temp.           34  F.  ] 

July       „      ,t    52 

Mean  annual  temp.   43 


58F.1 
49  J 


Lat.-  40°  N. 

January  mean  temp.           37  F.  \  «.© 

July       „   72    J  35 

Mean  annual  temp.   54*5 

Lit- 50° N. 

January  mean  temp.    16F.1 

July       „      „    62  j 

Mean  annual  temp.   39 

We  may  first  remark  the  striking  equality  of  mean  temperatures 
in  corresponding  parallels  north  and  south  of  the  equator  as  far  as 
the  40th  degree  of  latitude.  The  small  differences  indicated  by  the 
above  numbers  are  not  to  be  regarded,  because  they  lie  within  the 
limits  of  error  to  which  the  numbers  themselves  must  necessarily  be 
subject.  In  the  latitude  of  50°  N.  the  severe  winter  cold  of  eastern 
Asia  and  that  of  the  central  portions  of  the  North  American  conti- 
nent reduce  the  mean  temperature  to  more  than  4°  lower  than  that 

*  The  isothermal  lines  for  this  southern  latitude  on  Dove's  map  are  continued 
only  for  short  distances  to  the  E.  and  W.  of  the  Falkland  Islands,  so  that  the 
temperatures  here  preo  must  not  be  depended  upon  for  the  mean  temperatures 
of  the  parallel  of  5<r  S.  They  are  probably  not  far  wrong,  on  account  of  the  great 
regularity  of  the  ndghhouring  isothermal*. 
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of  the  Falkland  Islands  in  50°  S.  latitude.  But  there  are  only  a 
few  observations  recorded  either  of  the  January  or  the  July  tempe- 
ratures along  that  southern  parallel. 

There  is,  on  the  contrary,  a  striking  contrast  between  the  north- 
ern and  southern  hemispheres  with  respect  to  the  differences  of  sum- 
mer and  winter  temperatures.  These  differences  are  in  all  cases 
considerably  greater,  and  in  the  higher  latitudes  much  greater,  in  the 
northern  than  in  the  southern  hemisphere. 

From  these  results  it  would  appear,  that  the  greater  or  less  extent 
of  land  or  sea  has  very  little  effect  on  the  mean  annual  temperature  of  an 
entire  parallel  of  latitudes  from  the  equator  to  about  45°  of  latitude  • 
and  that  beyond  that  parallel  the  predominance  of  land  diminishes] 
while  that  of  sea  increases  the  mean  annual  temperature.  Also,  that  a 
predominance  of  sea,  in  all  cases,  but  especially  in  the  higher  latitudes, 
produces  a  greater  equality  of  summer  and  winter  temperatures. 

18.  Again,  let  us  compare  the  temperatures  of  different  stations 
along  the  same  parallel  of  latitude,  some  of  these  stations  being  cen- 
trally situated  as  regards  the  continents,  and  others  as  regards  the 
sea.  It  should  here  be  remarked  that  the  temperatures  of  the  stations 
in  the  Atlantic  for  the  40th  and  50th  degrees  of  latitude  must  be  re- 
garded as  partly  hypothetical,  because  I  have  estimated  them  inde- 
pendently of  the  influence  of  the  Gulf-stream.  The  following  table 
embodies  the  results,  deduced  from  Dove's  map,  for  different  stations 
on  six  parallels  from  that  of  20°  S.  lat.  to  that  of  50°  N.  lat.  inclusive 


Parallel  of 


10°  S.  - 


20°  N... 


30°  N. 


40°  N. 


50°  N. 


Longitude. 


23  E.  Land 
20  W.  Sea... 
56  W.  Land 
140 W.  Sea... 

23  E.  Land 
20  W.  Sea... 
56  W.  Land 
140  W.  Sea... 

30  E.  Land 
40  W.  Sea... 
150  W.  Sea... 

30  E.  Land 
40  W.  Sea... 
150  W.  Sea... 

48  E.  Land 
40  W.  Sea... 
90  W.  Land 
170  W.  Sea... 

80  E.  Land 
30  W.  Sea... 
90  W.  Land 
150  W.  Sea... 


Temperature. 


January. 


78  P. 
74-5 
78 
77 

78 
77 
78 
78 

65 
71 
71 

56 
59 
62 

32 
44 
31 
54 

0 
26 

0 
35 


July. 


71 F. 
67 
68 
74 

75 
74 
75 
77 

91 
76 
78-5 

81-5 

73 

72-5 

79 
68 
75 
59 

71 
61 
61 
53 


Differ. 


7F. 
7-5 
10 
3 

3 
3 
3 
1 

26 
5 

7-5 

25-5 

14 

10-5 

47 
24 
44 
5 

71 
35 
61 
18 


Mean. 
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On  examining  this  table,  we  remark  that  in  latitude  20°  N.  or 
20°  S.,  the  mean  of  the  temperatures  of  the  land  stations  exceeds  the 
mean  of  the  sea  stations ;  and  in  latitude  30°  N.  there  is  a  similar 
small  excess.  In  latitude  40°  N.  there  is  no  sensible  excess,  and  in 
latitude  50°  N.  the  mean  of  the  two  land  stations  is  about  10°  leas 
than  that  of  the  sea  stations.  It  would  thus  appear  that  the  effect 
of  continents  within  the  first  40°  of  latitude  has  the  effect  of  increasing 
slightly  the  mean  annual  temperature  of  the  most  central  parts  of 
such  continents,  although  it  would  appear  from  the  prerious  table 
(art.  1 7,  p.  72)  that  the  existence  of  such  continents  within  the  above 
latitude  has  no  appreciable  effect  in  elevating  the  mean  annual  tem- 
perature of  the  whole  parallel.  The  depression  of  the  mean  annual 
temperature  at  the  land  stations,  compared  with  that  of  the  sea  sta- 
tions, in  latitude  50°,  is  large.  We  might  hence  be  led  to  conclude 
that  a  diminution  of  land  and  increase  of  sea  along  that  parallel,  such 
as  would  result  from  the  depression  of  Europe  beneath  the  ocean, 
would  be  attended  with  a  considerable  increase  in  mean  annual  tem- 
perature in  the  region  thus  become  sea.  This  effect,  however,  would 
be  very  different  in  different  continental  regions  along  the  same  par- 
allel. The  effect  would  be  greatest  in  the  most  central  parts  of  the 
continent,  and  least  in  the  vicinity  of  its  bounding  shores.  To  find 
the  effect  of  the  submersion  of  Europe,  we  may  compare  the  mean 
annual  temperatures  at  the  two  sea  stations  already  given  on  the 
parallel  of  50°  with  two  other  land  stations  on  that  parallel,  one  in 
western  Europe  (long.  10°  E.),  and  another  in  eastern  Europe  (long. 
30°  E.).  The  temperatures  of  these  stations  (assuming  always  the 
absence  of  the  Gulf-stream)  will  be — 


Long. 

na. 

January  temperature. . . 

2*1 
65/ 

4« 

68/ 

»4* 

45 

41 

The  mean  of  45°  and  41°  is  43°,  which  is  not  1°  less  than  the  mean 
of  the  two  sea  stations  of  the  same  latitude.  This  tends  to  prove 
that  the  conversion  of  Europe  into  sea  would  have  little  effect  on  the 
mean  annual  temperature  of  those  portions  of  it  which  lie  contiguous 
to  the  parallel  of  50°  latitude,  ana  especially  in  western  Europe,  the 
region,  for  instance,  lying  between  the  parallels  of  the  Alps  and  the 
southern  shores  of  the  Baltic.  At  the  same  time  the  winter  tempe- 
rature would  be  increased  and  that  of  summer  diminished  to  an  equal 
amount,  since  their  mean  remains  the  same.  If  we  suppose  the 
change  in  each  of  these  temperatures  to  be  4°  for  the  station  above- 
mentioned  (long.  10°  E.),  we  shall  have  for  that  station, — 

DhY. 

January  temperature.   29°  1  «,470 

July  „    61  J3^ 

Mean   45 
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At  Snowdon,  from  its  greater  proximity  to  the  ocean,  this  change 
in  the  summer  and  winter  temperatures  will  be  less.  If  we  suppose 
it  to  be  2°,  we  shall  then  have  for  Snowdon  (see  Table,  art.  13, 
p.  68),— 

Biff. 

January  temperature   25°  1 

July  „    59  J M 

Mean   42 

This  latter  mean  annual  temperature  is  about  2°  higher  than  that 
of  the  south  coast  of  Iceland  (see  Table,  art.  13,  p.  68).  The  differ- 
ence of  summer  and  winter  temperatures,  34°,  is  greater  than  for 
Iceland,  where  it  may  be  stated  generally  to  be  about  18°  or  20° 
only.  This  actual  case,  however,  presents  a  good  standard  of  com- 
parison for  our  hypothetical  case.  The  Falkland  Islands,  situated 
m  lat.  50°  S.,  and  the  island  of  S.  Georgia,  in  lat.  54°  S.,  furnish  also 
good  standards  of  comparison.  The  conditions  of  the  station  above- 
mentioned  in  western  Europe  (long.  10°  E.),  and  Snowdon,  of  which 
the  latitude  is  53°  N.,  would,  in  the  case  we  are  discussing  (that  of 
the  absence  of  the  Gulf-stream,  and  the  submersion  of  Europe),  far 
more  resemble  the  actual  conditions  of  all  the  above  places  than  they 
do  at  the  present  time.   We  have  for  the  Falkland  Islands, — 

Diff. 

January  temperature   52°  1  ,  QO 

July  „    34  J18 

Mean   43 

This  is  less  by  2°  than  the  estimated  mean  temperature  for  the  cor- 
responding place  (long.  10°  E.)  in  N.  lat. ;  the  difference  between 
the  winter  and  summer  temperatures  is  here  less  by  16°  than  in  the 
other  case.  Again,  we  have  for  the  island  of  S.  Georgia  (lat.  54°), — 

Diff. 

January  temperature   45°  1  f  AO 

♦July  „    31  J 14 

Mean   38 

Here  the  mean  temperature  is  4°  less  than  the  estimated  mean  tem- 
perature of  Snowdon ;  and  the  approximation  to  uniformity  of  tem- 
perature throughout  the  year  much  greater. 

The  table  given  above  (art.  17,  p.  72)  shows  the  tendency,  as  I 
have  already  remarked,  of  the  predominance  of  sea  to  equalize  the 
summer  and  winter  temperatures ;  and  this  is  in  accordance  with  the 
greater  equality  of  those  temperatures  in  the  Falkland  Islands  and 
S.  Georgia,  than  in  the  corresponding  northern  latitudes.  It  also  ap- 
pears from  the  table  just  referred  to,  that  for  the  latitudes  there  given 
above  40°,  the  mean  temperature  for  a  whole  parallel  of  latitude  is 
higher  in  the  south  than  for  the  corresponding  parallel  in  north  lati- 
tude.   Now  if  this  be  due  to  the  predominance  of  sea  in  the  southern, 

*  This  temperature  is  not  very  certain,  even  should  the  map  be  exact,  since 
there  is  no  July  isothermal  given  in  the  southern  hemisphere  quite  so  far  south  as 
South  Georgia. 
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and  of  land  in  the  northern  hemisphere,  it  would  appear  that  the 
mean  annual  temperature  of  a  sea  station  on  the  parallel  of  50°  N. 
latitude,  would  not  exceed  that  of  a  similar  sea  station  in  equal  S. 
latitude,  unless  the  temperatures  should  be  materially  influenced  by 
local  causes.  Hence  the  lower  temperature  of  the  Falkland  Islands, 
as  compared  with  that  of  the  corresponding  northern  parallel,  must 
be  due  either  to  local  influences,  or  to  too  high  an  estimate  of  the 
mean  annual  temperature  in  western  Europe  in  the  hypothetical  case 
of  the  absence  or  the  Gulf-stream.  I  am  disposed  to  attribute  it  to 
the  latter  reason.  The  temperature  of  the  Falkland  Islands  may  be 
depressed  by  a  southern  continent  not  very  distant  from  them,  and 
by  consequent  accumulations  of  ice ;  but  it  would  seem  that  the 
region  or  western  Europe  about  the  parallel  of  50°  would,  in  the 
absence  of  the  Gulf-stream,  be  liable  to  an  equal  similar  influence 


that  the  isothermal  lines  for  this  case,  represented  on  the  map,  ought 
to  meet  the  coast  of  western  Europe  at  points  rather  more  southerly, 
so  as  to  indicate  temperatures  for  each  locality  about  2°  or  3°  lower 
than  those  now  indicated.  I  might  have  made  this  correction  on  the 
map,  but,  as  the  determination  of  the  positions  assigned  to  these 
isothermals  was  entirely  independent  of  any  comparison  with  places 
in  the  southern  hemisphere,  I  have  thought  it  better  to  allow  them 
to  remain,  as  a  proof  or  the  approximate  accordance  of  results  armed 
at  by  independent  considerations.  These  corrected  positions  of  the 
isothermals  would  assign  to  Snowdon,  in  the  absence  of  the  Gulf- 
stream,  a  mean  annual  temperature  of  39°  or  40°. 

19.  In  more  northern  latitudes  than  that  of  Snowdon,  our  fore- 
going reasoning  would  lead  us  to  conclude  that  the  mean  annual  tem- 
perature would  be  increased  by  the  submergence  of  Europe,  but  only 
in  a  comparatively  small  degree  for  insular  stations  and  those  situated 
immediately  on  the  shores  of  the  Atlantic.  The  temperatures,  there- 
fore, of  the  northern  extremity  of  Scotland  and  of  Iceland,  under  our 
present  hypothesis,  may  be  taken  somewhat  greater  than  those  given 
in  the  table  of  art.  1 3,  p.  68,  for  the  case  in  which  the  absence  of  the 
Gulf-stream  was  assumed.  The  temperature  of  the  Alps  would  pro- 
bably differ  little  from  that  given  in  the  same  table.  The  correction 
mentioned  in  the  preceding  paragraph,  if  adopted,  must,  of  course, 
be  applied  also  to  these  temperatures. 

4  II.  On  the  Height  of  the  Snow-line  and  Descent  of  Glacier*  below 
it,  (1.)  at  the  present  time ;  (2.)  in  the  previous  hypothetical  cases. 

(I.)  On  the  Height  of  the  Snow-line  at  the  present  time. 

20.  Knowing  the  mean  annual  temperature  at  any  place  on  the 
earth's  surface,  we  can  calculate  for  that  place  the  height  at  which 
the  mean  annual  temperature  of  the  atmosphere  will  be  that  of 
freeting,  provided  we  know  the  rate  at  which  the  mean  temperature 
decreases,  in  ascending  from  the  lower  into  higher  regions  of  the 
atmosphere.   This  rate  has  been  determined  with  sufficient  accuracy 
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for  oar  purpose.  It  is  necessary  to  make  a  distinction  between  those 
observations  which  have  been  made  in  balloons  or  on  the  sides  of 
comparatively  steep  mountains,  and  those  which  have  been  made  on 
extensive  elevated  table  lands ;  the  results  in  the  two  cases  being  very 
different.  Of  the  first  class,  Humboldt  has  given  us*  the  results  of 
nine  cases,  in  which  the  observations  were  made  at  different  heights, 
varying  from  about  5000  to  18,000  feet.  The  mean  of  the  results 
gives  191*4  metres,  or  about  638  feet  for  1°  Cent.,  which  is  equiva- 
lent to  355  feet  for  1°  Fahr.  In  Gay-Lussac's  balloon  ascent,  the 
observations  gave  193  metres  for  1°  C,  up  to  the  height  of  about 
12,000  feet.  At  greater  heights  the  decrease  of  temperature  was 
somewhat  more  rapid,  and  was  at  the  rate  of  1°  for  187  metres  for  the 
whole  height  ascended,  which  amounted  to  upwards  of  23,000  feet. 
We  may  adopt,  without  risk  of  material  error,  190  metres  for  1°  C, 
or  350  feet  for  1°  F.  In  some  particular  cases,  however,  320  feet 
would  probably  be  nearer  the  truth. 

Humboldt  has  also  made  some  valuable  observations,  which  show 
the  effect  of  extensive  high  table-lands  in  raising  the  temperature 
above  that  which  would  be  given  by  calculations  founded  on  the  re- 
sult just  enunciated.  In  ascending  from  one  table-land  to  another, 
the  decrease  of  temperature  is  much  slower  than  if  we  should  ascend 
in  a  balloon,  or  up  the  side  of  a  steep  mountain.  The  following  table 
exhibits  the  results  of  Humboldt's  observations  on  four  of  the  highest 
table-lands  on  the  new  continent : — 


Place  of  Obaerration. 

Latitude. 

Height. 

Mean 
Temperature. 

Increase  of 

Height  for  1°C 

San.  Fe*  di  Bogota 

6  13  8. 
2  26  N. 
4  35  N. 
19  26  N. 

metres. 
2907 
1796 
2660 
2277 

15  0  C. 
206 
165 
16-9 

metre*. 
244-4 
288-1 
256  0 
249*3 

The  mean  of  the  numbers  in  the  last  column  is  258*4  metres. 
This  is  equivalent  to  478  feet  of  height  for  1°  F.,  instead  of  350  feet, 
as  in  the  former  case.  The  high  general  temperature  of  the  plains 
of  Tibet  (as  indicated  by  the  nature  of  their  produce),  in  proportion 
to  their  enormous  elevation,  is  doubtless  due  to  the  same  cause. 

From  these  results  it  appears,  that  we  may  take  a  decrease  of 
1°  F.  as  corresponding  to  an  elevation  varying,  according  to  circum- 
stances, from  320  to  500  feet ;  the  smaller  number  being  applicable 
to  small,  or,  if  high,  very  steep  mountains,  and  the  latter  to  large 
massive  ranges  presenting  extensive  table-lands  along  their  sides. 
For  intermediate  cases,  intermediate  numbers  must  be  adopted. 

21.  Before  the  publication  of  the  admirable  observations  of  Hum- 
boldt, it  was  usually  assumed,  in  speculations  respecting  the  line  of 
perpetual  snow,  that  it  coincided  with  that  of  32  .  Later  observa- 
tions have  shown  the  error  of  this  hypothesis,  especially  in  the 
higher  latitudes.  Humboldt  has  given  the  following  results,  deduced 

*  Recueili  Astnmomigues  of  hit  Travels  in  S.  America,  vol.  i.  p.  129. 
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from  his  own  observations  and  those  of  others,  respecting  the  mean 
annual  temperature  at  the  limit  of  perpetual  snow,  in  different  lati- 
tudes:— 

At  Chimborazo,  f  Mean  temperature  1  _QOo  .   oo.t_ o^o.t  v 
lat.=  1°28'  S.  {    of  the  snow-line  J         +  r  7~M  7 

At  St.  Gothard,\  _ *o<>     *o.7_ oeo.o 

lat.  =46°  N.  J       "         »        — ^     0       ^  J 

At  the  Polar  Circle     „         „  =32°-10°-8=21°-2 

Hence  it  follows  that  near  the  equator  the  snow-line  is  nearly  1000 
feet  lower  than  that  of  32°,  while  at  St.  Gothard  it  is  higher  than 
this  latter  line  by  about  2000  feet,  and  at  some  places  on  the  polar 
circle  by  about  3500  feet,  according  to  Humboldt.  But  in  that  lati- 
tude in  the  northern  hemisphere  the  height  of  the  snow-line  shore 
that  of  32°  appears  to  be  very  variable,  as  might  be  expected  from 
the  very  different  conditions  under  which  different  regions  are  si- 
tuated along  the  same  parallel  of  latitude.  In  north-eastern  Asia 
it  is  probably  much  greater  than  3500  feet,  while  in  Iceland  the  two 
lines  must  nearly  coincide. 

I  am  not  aware  of  other  similar  observations  on  the  temperature 
of  the  snow-line,  or  on  the  relative  heights  of  that  line  and  of  the  line 
of  32°.  The  height  of  the  snow-line,  however,  has  been  ascertained 
in  several  other  places,  and  the  height  of  the  line  of  32°  F.  may  be 
calculated,  and  their  relative  positions  determined.  Thus  for  the 
Pyrenees  (lat.  =42°  30')  we  have  by  observation, — 

Height  of  snow-line   =9300  feet. 

The  mean  annual  temperature  at  the  level  of  the  sea  may  be  taken 
at  56°,  and  therefore  the  decrease  up  to  the  tine  of  32°  will  be  24°  ; 
and,  allowing  320  feet  ascent  for  a  decrease  of  1°  P.,  we  shall  have, — 

Height  of  the  line  of  32°   =7680  feet* 

Consequently  the  height  of  the  snow-line  will  exceed  that  of  the  line 
of  freezing  temperature  by  1 620  feet. 

A  similar  calculation  for  the  Caucasus  (lat.  42°  30*),  where  the 
height  of  the  snow-line  is  rather  more  than  10,000  feet,  gives  the 
height  of  the  line  of  32°  less  than  8000  feet,  and  therefore  lower 
than  the  former  by  about  2500  feet.  And  again,  for  the  Himalaya 
we  have  similar  results.  On  the  south  side  of  this  range,  in  latitude 
32°  N.,  we  may  take  the  mean  annual  temperature,  independently  of 
elevation,  at  67°  F.,  or  35°  above  the  freezing  temperature,  and, 
allowing  400  feet  for  a  decrease  of  1°  F.  in  ascending  the  southern 
slope  of  the  mountains  (art.  20,  p.  77),  the  height  of  the  line  of 
freezing  temperature  will  be  14,000  feet.  The  height  of  the  snow- 
line, as  given  by  Captain  Strachey,  is  there  16,000  feet,  or  2000  feet 
higher  than  the  former  line.  On  the  north  side  Of  the  range,  allow- 
ing 2°  F.  in  the  mean  annual  temperature,  independent  of  elevation, 
for  the  difference  of  latitude  as  compared  with  the  south  side,  and 
480  feet  of  ascent  tor  each  degree  of  temperature  (art.  20),  we  have 
15,840  feet  for  the  height  of  the  line  of  32\    Abo  we  have,  on  the 
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same  authority  as  the  above,  the  height  of  the  snow-line  18,500  feet, 
or  upwards  of  2600  feet  above  the  former  line. 

These  calculated  results  as  to  the  difference  of  heights  of  the 
snow-line  and  that  of  the  temperature  of  32°  may  not  of  themselves 
be  entitled  to  much  confidence,  compared  with  those  deduced  from 
observation ;  but  they  show  that  the  data  on  which  the  calculations 
are  founded  are  in  accordance  with  the  results  of  observation  in 
other  cases. 

22.  It  appears  from  the  preceding  facta,  that  the  height  of  the 
snow-line,  with  reference  to  the  line  of  32°  F.,  increases,  under 
similar  conditions,  as  we  proceed  northward  from  the  equator.  For 
this  phsenomenon  we  may  assign  two  principal  causes,  which  it  is 
important  for  us  to  notice,  in  order  that  we  may  be  able  the  better 
to  understand  the  real  analogies  between  actual  cases  of  observation 
and  the  hypothetical  cases  of  past  geological  epochs. 

At  places  near  the  equator,  and  especially  at  great  elevations,  there 
is  little  variation  of  temperature  from  one  season  to  another.  Let  us 
suppose  a  case  in  which  the  temperature  should  be  entirely  equable. 
The  snow-line  would  be  absolutely  stationary.  Above  this  line  the 
snow  would  tend  to  accumulate  by  constant  deposition,  until  this 
tendency  should  be  exactly  counteracted  by  destructive  causes,  such 
as  the  direct  action  of  the  sun's  rays,  evaporation,  drifting  by  the 
wind,  avalanches,  &c.  The  snow-line  would  be  that  beneath  which 
these  antagonistic  causes  would  cease  to  be  in  equilibrium,  and  its 
position  would  manifestly  depend  cceteris  paribus  on  the  quantity  of 
snow  produced  in  the  atmospheric  region  directly  over  that  upper 
rtion  of  the  mountain  whicn  should  be  bounded  by  the  snow-line, 
the  quantity  of  snow  thus  formed  and  falling  on  the  mountain 
should  be  very  small,  the  destructive  causes  would  not  allow  it  to  re- 
main permanently  at  so  low  a  level  as  that  of  the  line  of  freezing 
temperature,  which  might  in  this  case  be  considerably  below  the 
snow-line.  On  the  contrary,  if  a  comparatively  large  quantity  of 
snow  should  fall  on  the  mountain,  the  snow-line  might  descend  to  a 
considerable  distance  below  that  of  freezing  temperature. 

But  let  us  now  suppose  the  annual  temperature  to  vary  from  sum- 
mer heat  to  winter  cold,  the  mean  annual  temperature  remaining  the 
same.  It  is  manifest  that  the  variable  snow-line  during  the  year 
would  in  winter  be  below,  and  in  summer  above  the  permanent  snow- 
line of  the  previous  case,  the  extent  of  this  oscillation  being  propor- 
tionate to  that  of  the  temperature  during  the  year.  But  the  highest 
or  summer  position  of  this  variable  snow-line  is  what  is  properly  called 
the  snow-line.  Thus,  while,  with  a  temperature  in  which  the  varia- 
tion from  summer  to  winter  should  be  comparatively  small,  the  snow- 
line should  be  below  the  line  of  freezing  temperature,  it  might  be  far 
above  that  line  if  the  oscillation  of  temperature  were  great,  although 
the  mean  annual  temperature  should  be  the  same  in  both  cases. 

Considering  then  the  position  of  the  snow-line  with  reference 
always  to  the  line  of  32°,  the  conditions  which  produce  its  lowest 
positions  are  those  which  secure  a  moist  atmosphere  with  an  approxi- 
mately equable  annual  temperature.    Comparing  places  in  the  same 
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latitude,  an  insular  position  will  have  a  lower  position  of  the  snow- 
line than  a  continental  one.  In  comparing  a  place  near  the  equator 
with  one  in  the  higher  latitudes,  there  will  be  much  greater  humidity 
in  the  atmosphere  and  much  less  variation  in  the  annual  temperature 
in  the  former  case  than  in  the  latter,  and  both  these  causes  tend  to 

Sroduce  a  much  lower  position  of  the  snow-line,  with  reference  to  the 
ne  of  32°,  in  the  former  case  than  in  the  latter.  These  general 
causes,  independently  of  the  action  of  mere  partial  causes,  are  suffi- 
cient to  explain  the  general  results  of  observation  above  given. 

23.  After  the  preceding  considerations  respecting  the  relative  posi- 
tions of  the  line  of  32°  F.  and  the  snow-line,  I  proceed  to  examine 
the  distances,  measured  vertically,  to  which  the  principal  known 
glaciers  descend  below  this  latter  line,  which  forms  the  limit  of  a 
glacier's  superficial  increase.  Such  distance  must  depend  on  the 
depth  of  the  glacier,  the  rate  of  its  motion,  and  the  activity  of  the 
destructive  agencies  to  which  it  is  exposed.  It  is  of  course  widely 
different  for  glaciers  of  different  magnitudes,  but  for  those  which  are 
sufficiently  large  to  be  considered  of  the  firtt  order  it  varies  much 
less  than  mightperhaps  be  expected,  as  appears  from  the  following 
table,  p.  81 .  The  glaciers  specified  are  all  of  the  first  order  in  mag- 
nitude, except,  perhaps,  that  of  the  Maladetta. 

It  will  be  observed  that  the  descent  of  the  Aar  glacier  below  the 
snow-line  is  considerably  less  than  that  of  any  other  equally  large 
glacier  enumerated  in  the  opposite  table.  This  I  conceive  to  be  due 
to  the  very  small  inclination  of  the  bed  of  that  glacier  towards  its 
lower  extremity.  If  we  reject  this  example  as  anomalous,  the  mean 
descent  of  the  remaining  nine  great  glaciers  below  the  snow-line  is 
about  4500  feet. 

There  are  also  three  glaciers  in  the  Himalayas,  from  the  extremi- 
ties of  which  the  Pindur,  the  Gori,  and  the  Ganges  issue.  The 
heights  of  these  sources  have  been  incidentally  given  by  observers*, 
as  being  respectively  11,946,  11,543,  and  13,500  feet.  Taking 
Capt.  Strachey's  estimate  of  the  height  of  the  snow-line  as  1 6,000 
feet  in  that  region,  we  have  4054,  4457,  and  2500  feet  for  the 
descents  of  these  glaciers  below  the  snow-line.  The  two  former  are 
in  very  near  accordance  with  the  mean  of  the  cases  above  given ;  the 
last  more  nearly  accords  with  the  smaller  descents  of  the  glacier  of 
the  Aar,  and  is  probably  due  to  a  similar  cause. 

The  glaciers  which  proceed  from  more  limited  spaces  for  the  accu- 
mulation of  snow  and  ice  descend  below  the  snow-line  to  distances 
much  shorter  than  those  above  given. 

(2.)  Height  of  the  Snow4ine,  and  Descent  of  Glacier*  below  it  in 
the  hypothetical  cases  of$I. 

The  degree  of  cold  requisite  to  produce  glaciers  on  a  mountain 
might  obviously  be  caused  by  the  elevation  of  the  mountain.  I  shall, 

*  See  Captain  Strachcy'i  Paper  M  Ob  the  Snow-line  in  the  Himalaya,"  Jour*. 
Asiatic  Soc  Bengal,  April  1849;  and  Edinb.  New  Phil.  Journ.  vol.  xlvii.  UM9; 
and  44  On  the  Physical  Geography  of  the  Provinces  of  Kamaon  and  Garhwal,*' 
Jonra.  R.  Gooaraph.  Soc.  1851. 
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in  the  first  place,  suppose  former  glaciers  in  western  Europe  to  hare 
been  due  to  this  cause  alone,  and  determine  the  general  elevation  of 
that  region  which  would  be  necessary  to  produce  such  effects,  rejecting 
the  supposition,  as  altogether  improbable,  that  each  individual  moun- 
tain which  exhibits  glacial  phsenomena  was  locally  elevated  indepen- 
dently of  any  corresponding  elevation  of  the  surrounding  region.  I 
shall  then  proceed  to  the  hypothetical  cases  of  the  previous  section. 

24.  The  present  mean  annual  temperature  of  the  Alps  may  be 
taken  at  55°'5  F.  (art.  13,  p.  68),  or  23°*5  above  the  freezing  tem- 
perature. The  height  of  the  snow-line  is  about  9000  feet,  and  that 
of  the  hne  of  32°  F.  about  7000  feet,  which  ^ives  a  decrease  of  1°  F. 
for  about  300  feet.  If  the  surrounding  region  should  be  elevated 
several  thousand  feet  together  with  the  Alps,  we  may  take  the  de- 
crease of  temperature  for  1°  from  the  level  of  the  sea  for  about  400 
feet  (art.  20,  p.  77).  This  would  rive  the  height  of  the  line  of  32° 
above  the  level  of  the  sea,  after  the  elevation,  equal  to  about  9300 
feet ;  and  assuming  the  height  of  the  snow-line  to  exceed  this,  as  at 
present,  by  2000  feet,  the  height  of  that  line  would  be  1 1,300  feet. 
It  is  probable  that  the  glaciers  would  not  in  this  case  descend  quite 
so  far  below  this  line  as  at  present.  Suppose  them  to  descend  4300 
feet  below  it ;  the  height  of  their  lower  extremities  would  then  be 
about  7000  feet  above  the  level  of  the  sea.  Consequently  the  gla- 
ciers would  descend  into  the  level  of  the  Lake  of  Geneva,  provided  the 
elevation  of  the  region  placed  that  lake  7000  feet  above  the  sea,  or 
about  6000  feet  above  its  present  level. 

Hence,  if  blocks  on  the  Jura  have  been  transported  from  the  Alps 
by  the  agency  of  ice,  the  Alps  must,  according  to  our  present  hypo- 
thesis, have  been  at  least  6000  feet  higher  than  at  present,  supposing 
the  surrounding  region  to  some  extent  to  have  been  elevated  at  the 
same  time. 

The  present  mean  annual  temperature  of  Snowdon  is  about  49°*5  F., 
or  17°* 5  above  the  freezing  temperature.  Assuming  the  general  ele- 
vation of  western  Europe,  Snowdon  would  stand  on  a  wide  elevated 
table-land,  and  we  may  take  the  decrease  of  temperature  at  1°  F.  for 
about  450  feet*.  This  would  give  the  height  of  the  line  of  32°  equal 
to  rather  more  than  7800  feet,  and,  supposing  the  snow-line  2200  feet 
higher,  we  have  10,000  feet  for  the  height  of  this  latter  line.  Now 
to  produce  glaciers  of  considerable  magnitude  on  Snowdon,  its  summit 
must  probably  rise  some  1000  feet  above  the  snow-line,  or  to  the 
height  of  11,000  feet.  Hence  the  whole  region  must  be  elevated 
between  7000  and  8000  feet  above  its  present  level.  The  glaciers 
might  then  be  expected  to  descend  to  the  table-land  at  the  foot  of  the 
Snowdonian  mountains,  t.  e.  about  2000  feet  below  the  snow-line. 
Further  descent  to  any  extent  would  be  prevented  by  the  compa- 
ratively horizontal  surface  of  the  immediate  foot  of  the  mountains. 

In  higher  latitudes  the  required  elevation  would  be  smaller  ;  but, 
speaking  generally,  in  order  that  glaciers  should  exist  on  our  present 

*  I  take  thii  number  neater  than  for  the  Alp*,  because  the  deration  of  the 
surrounding  region  would  in  this  case  form  a  higher  table-land  than  that  imme~ 
diately  around  the  Alps. 
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mountains  of  sufficient  magnitude  to  descend  down  to  their  present 
bases,  in  consequence  of  a  general  elevation  of  western  Europe,  it 
would  be  necessary  that  that  region  should  be  raised  into  an  elevated 
range  from  the  polar  circle  to  the  south  of  the  Alps,  rising  in  some 
parts  to  the  height  of  10,000  or  12,000  feet. 

25.  I  shall  now  take  the  case  in  which  the  old  and  new  continents 
are  supposed  to  be  united  by  the  conversion  of  the  basin  of  the  At- 
lantic into  land.  We  should  have,  according  to  the  estimate  above 
given  (art.  15,  p.  70),  the  mean  annual  temperature  of  the  Alps 
about  44°'5  F.,  or  1 1°  lower  than  at  the  present  time.  The  position 
of  the  line  32°  F.  would  therefore  be  lowered  by  about  3500  feet, 
but  the  distance  of  the  snow-line  above  it  would  be  much  increased 
both  the  causes  which  appear  chiefly  to  influence  that  distance, 
e  oscillation  of  temperature  from  January  to  July  would  be  61°  F. 
instead  of  34°  as  at  present,  and  the  quantity  of  snow  falling  during 
the  year  would  doubtless  be  much  diminished  by  the  entire  absence 
of  sea  in  the  surrounding  region.  It  would  seem  probable  that  the 
position  of  the  snow-line  would  be  as  much  raised  by  these  causes,  as 
it  would  be  lowered  by  the  diminution  of  temperature.  Moreover,  it 
is  probable,  that  the  glaciers  would  not  descend  so  far  below  the 
snow-line  as  at  present,  on  account  of  the  diminution  of  their  mass, 
arising  from  the  diminished  quantity  of  snow.  I  conceive  it  probable, 
therefore,  that  the  Alpine  glaciers  would  not  descend,  in  the  case  now 
contemplated,  to  points  less  elevated  than  at  present  above  the  level 
of  the  sea.  In  such  case  it  would  be  necessary  to  give  to  the  Alpine 
region  about  the  same  additional  elevation  as  in  the  former  case  (art. 
24)  in  order  that  the  glaciers  should  descend  to  the  Lake  of  Geneva. 

The  mean  annual  temperature  of  Snowdon  would  be  nearly  30°  F., 
and  the  isothermal  of  the  mean  annual  temperature  of  32°  would  pass 
through  the  mountains  of  the  south-west  of  Ireland  which  present 
many  indications  of  former  glaciers.  Along  this  isothermal,  the  line 
of  32°  F.  would  coincide  with  the  surface  of  the  earth,  and  the  height 
of  the  snow-line  above  it  would  be  identical  with  the  absolute  height 
of  that  line,  which  would  therefore  be  about  2500  feet,  if  the  distance 
between  these  two  lines  should  be  the  same  as  at  present.  For  the 
reasons  assigned,  however,  in  the  preceding  paragraph,  this  distance 
would  undoubtedly  be  much  greater  than  at  present.  The  oscillation 
from  winter  to  summer  temperature  would  amount  to  no  less  than 
73°  5'  F.  (art.  1 5),  whereas  it  is  at  present  only  23°.  The  present 
distance,  therefore,  between  the  two  hues  in  question  being  taken  at 
about  2500  feet,  it  is  probable,  I  think,  that  in  the  case  now  con- 
sidered, it  would  not  be  less  than  two  or  three  times  that  quantity. 
And  this  conclusion  appears  to  be  in  accordance  with  the  knowledge 
we  possess  of  the  Altai  mountains  in  the  north-east  of  Asia.  Those 
mountains  rise  to  the  height  of  9000  or  10,000  feet,  and  the  mean 
annual  temperature  is  under  32°  F. ;  and  yet,  as  I  am  assured  by 
that  distinguished  traveller  M.  de  Tchihatcheff,  there  are  no  glaciers 
upon  them  of  any  magnitude,  a  sufficient  proof  that  the  snow-line 
cannot  in  alj  probability  be  lower  than  the  above  estimate. 

In  proceeding  further  to  the  north,  the  snow-line  would  probably 
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meet  the  level  of  the  sea  about  the  latitude  of  the  northern  part  of 
Scotland.  In  all  higher  latitudes  the  surface  of  the  earth  would  be 
covered  with  perpetual  snow. 

It  follows,  then,  that  if  the  Atlantic  were  converted  into  dry  land, 
it  would  still  be  necessary,  in  order  to  obtain  glaciers  to  the  extent 
required  by  observed  phenomena,  that  the  western  part  of  Europe 
should  be  elevated  into  a  range  extending  nearly  from  the  40th  to 
the  60th  parallel  of  latitude,  and  higher  than  the  present  surface  by 
some  4000  or  5000  feet. 

26.  I  now  proceed  to  that  which  I  consider  by  far  the  most  im- 
portant of  our  hypothetical  cases, — that  in  which  we  assume  the 
absence  of  the  Gulf-stream  and  the  submergence  of  a  large  portion  of 
northern  and  central  Europe  beneath  the  ocean.  There  is  no  diffi- 
culty in  this  case  in  accounting  for  the  existence  of  glaciers  in  the 
northern  parts  of  Scotland  and  in  more  northern  latitudes ;  but  it  is 
necessary  to  consider  carefully  how  far  the  conditions  of  their  exist- 
ence in  the  more  southern  latitudes  in  which  traces  of  glacial  phav 
nomena  are  observed,  could  be  fulfilled.  I  will  first  consider  the 
Snowdonian  region. 

Let  us  suppose  Snowdon  and  the  surrounding  country  lowered  500 
feet  below  its  present  level.  If  the  whole  of  Europe  were  depressed 
to  the  same  amount,  a  large  portion  of  it  would  be  submerged  beneath 
the  ocean ;  but  we  are  at  liberty  to  suppose  any  part  of  it  depressed 
to  a  greater  amount,  if  necessary  to  produce  the  more  complete  sub- 
mergence here  assumed.  I  have  estimated  the  most  probable  mean 
annual  temperature  of  Snowdon  at  39°  or  40°  F.,  in  the  absence  of 
the  Gulf-stream  (art.  13,  p.  68)  and  of  any  cold  current  from  the 
north ;  and  I  have  also  shown  that  it  would  be  little  altered  by  the 
submergence  of  Europe  beneath  the  sea  (art.  1 8,  p.  75).  This  would 
give  the  height  of  the  line  of  32°  F.  equal  to  at  least  2200  feet,  or 
about  800  feet  below  the  summit  of  Snowdon  in  its  depressed  position. 
In  estimating  the  position  of  the  snow-line  with  reference  to  the  line 
of  32°  F.,  it  must  be  recollected  that  the  region  about  Snowdon 
would  form  a  group  of  small  islands  in  the  midst  of  an  extensive 
ocean,  and  would  so  far  be  under  conditions  favourable  for  producing 
a  moist  climate  and  a  low  position  of  the  snow-line  relatively  to  the 
line  of  32°  F.  1  have  already  (art.  18)  referred  to  Iceland  and  the 
island  of  8.  Georgia  as  furnishing  cases  similar  in  conditions  to  this 
hypothetical  case  of  Snowdon.  Their  insular  positions  and  mean  annual 
temperatures  are  nearly  the  same  as  in  that  case.  The  difference  of 
summer  and  winter  temperature,  however,  would  be  greater  for  Snow- 
don than  for  either  of  the  other  cases,  being  about  1 4°  for  S.  Georgia, 
20°  for  Iceland,  and  between  30°  and  40°  for  Snowdon.  These  con- 
siderations would  lead  us  to  conclude  that  the  height  of  the  snow-line, 
with  reference  to  the  line  of  32°  F.,  would  be  somewhat  higher  on 
Snowdon  than  in  the  other  two  cases.  The  height  of  Snsefell  Jokul, 
on  the  north-west  coast  of  Iceland,  is,  according  to  Mackenzie,  4558 
feet,  and  that  of  the  snow-line  upon  it  2734  feet,  as  measured  by  Sir 
iT.  T.  Stanley.  The  mean  annual  temperature  there  is  about  38°, 
diod  consequently  the  height  of  the  line  of  32°  must  be  about  2000 
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feet,  upwards  of  700  feet  below  the  snow-line.  On  the  south  coast 
of  Iceland  the  mean  annual  temperature  is  about  40°,  and  the  height 
of  the  line  of  32°,  consequently,  less  than  3000  feet.  The  height 
of  Eyafialla  Jokul  is  about  5500  feet,  and  the  height  of  the  snow- 
line is  probably  much  the  same  as  at  Sosefell.  The  glaciers  there 
are  stated  to  descend  nearly  to  the  level  of  the  sea. 

I  have  estimated  the  mean  annual  temperature  of  the  island  of  S. 
Georgia  at  38°.  Consequently,  the  line  of  32°  will  be  at  about  the 
elevation  of  2000  feet.  It  is  very  desirable  that  more  accurate  ob- 
servations should  be  made  on  the  height  of  the  snow-line  in  that  island 
than,  I  believe,  have  hitherto  been  obtained.  The  vague  assertion 
that  the  snow-line  there  descends  to  the  level  of  the  ocean,  has  pro- 
bably arisen  from  confounding  that  line  with  the  level  to  which  the 
glaciers  descend.  All  we  seem  to  know  is,  that  glaciers  descend  to 
the  margin  of  the  sea ;  but  before  we  can  reason  conclusively  on 
this,  as  a  case  analogous  to  that  of  Snowdon  or  of  other  mountains  in 
our  own  islands,  it  is  necessary  to  know  more  than  I  have  at  present 
been  able  to  ascertain,  respecting  the  height  and  configuration  of  the 
mountains  from  which  the  glaciers  descend.  Mr.  Darwin  in  his 
Journal  quotes  Cook's  description  of  the  island,  but  it  contains  no 
accurate  information  on  the  points  in  question,  although  it  would  lead 
to  the  inference  that  the  snow-line  must  be  considerably  below  the 
line  of  32°  F. 

It  would  seem  very  possible  then,  that  the  snow-line  on  Snowdon 
in  the  present  hypothetical  case  might  not  be  higher  than  the  line  of 
32°  F.,  the  height  of  which  is  above  estimated  at  2200  feet.  Glaciers 
might  thus  descend  from  a  snow-line  little  more  than  2000  feet  high 
to  the  level  of  the  sea. 

27.  If,  in  addition  to  the  hypothesis  of  the  absence  of  the  Gulf- 
stream,  we  adopt  that  of  a  cold  current  from  the  north,  sweeping  over 
the  submerged  portions  of  northern  and  western  Europe,  we  shall 
have  an  additional  cause  which  might  probably  lower  the  mean  annual 
temperature  of  Snowdon  and  the  neighbouring  region  by  3°  or  4° 
below  that  above  assumed.  Such  a  current  would  also  tend  to  equalize 
the  summer  and  winter  temperatures,  since  its  effect  would  there  be 
principally  or  entirely  produced  on  the  summer  temperature,  which 
might  thus  possibly  be  lowered  6°  or  8°.  The  snow-line  would  thus 
be  brought  at  least  1000  or  1200  feet  lower  than  above  supposed. 
This  would  be  sufficient  to  account  for  glaciers  descending  to  the  sea, 
not  only  on  Snowdon,  but  also  on  the  lower  mountains  of  the  west  of 
Ireland. 

28.  Conclusions,  but  somewhat  vague,  have  been  drawn  respecting 
the  former  possible  existence  of  glaciers  in  western  Europe,  from  the 
actual  existence  of  glaciers  descending  to  nearly  the  sea-level  in 
South  America,  in  comparatively  low  latitudes.  But  in  this  com- 
parison the  relative  heights  of  the  mountains  in  the  two  regions  has 
been  frequently,  I  think,  overlooked.  In  the  case  we  have  been  dis- 
cussing, the  mean  annual  temperatures  in  corresponding  latitudes  in 
the  two  hemispheres  would  be  almost  exactly  the  same,  and  probably 
the  quantity  of  moisture  in  the  atmosphere  and  the  quantity  of  snow 
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in  similar  positions  might  be  much  the  same ;  but  the  greater  extent 
of  land  which  must  hare  existed  in  the  northern  hemisphere,  as 
i-ompared  with  the  southern,  in  the  more  recent  geological  periods, 
must  have  rendered  the  summer  temperature  greater  in  the  northern 
than  in  the  southern  hemisphere,  and  consequently  the  snow-line 

mi  J,  cateri*  paribus,  the  lower  extremities  of  the  glaciers  somewhat 
higher  in  the  former  than  the  latter  region.  The  great  distinction, 
however,  between  the  western  coast  of  South  America  and  that  of 
Europe  consists  in  the  great  difference  in  the  heights  of  their  moun- 
tains. A  glacier  is  described  by  Mr.  Darwin*  as  descending  to  the 
sea-level  in  the  Gulf  of  Penas,  on  the  west  coast  of  South  America, 

j]  latitude  46°  40*.    According  to  Dove's  map,  we  have  for  that 

July  temperature   40  F. 

January  temperature  ....  50 
Mean  annual  temperature  45 

Hence  the  height  of  the  line  of  32°  must  be  about  4500  feet.  The 
Terence  between  the  January  and  July  temperatures  is  only  10°, 
the  latter  being  considerably  reduced  by  the  cold  current  passing 
round  Cape  Horn.   This,  with  the  proximity  of  the  Pacific,  is  highly 
favourable  to  a  low  position  of  the  snow-line.    It  niay  probably  lie 
j  nar  the  line  of  32°,  or  even  considerably  lower,  in  which  case  the 
r  .icier  must  descend  between  4000  and  5000  feet  below  it.  This 
coincides  with  the  distances  to  which  almost  all  glaciers  of  the  first 
order  descend  below  the  snow-line  (art.  23,  p.  81)  and  presents  no- 
i  hing  anomalous.    It  is  described  as  a  very  large  glacier,  descending 
from  a  lofty  mountain,  which  rises,  undoubtedly,  many  thousand  feet 
ove  the  snow-line.    It  is  in  this  respect  that  the  analogy  between 
die  glaciers  of  South  America  and  those  which  may  have  formerly 
isted  on  such  mountains  as  those  of  the  British  Islands  entirely 
Is.    With  the  same  climatal  conditions,  we  might  have  glaciers 
jcending  to  the  sea-level  in  the  one  case,  without  a  trace  of  glaciers 
in  the  other. 

29.  I  shall  now  discuss  the  case  of  the  Alps.  Adopting  the  hy- 
l  n  thesis  of  a  current  from  the  north,  it  is  manifest  that  such  a  current 
1 i  uld,  as  already  remarked,  tend  much  to  equalize  the  temperature 
from  the  latitude  of  Snowdon  to  that  of  the  Alps  in  the  present 
rtgion  of  western  Europe,  precisely  as  the  Gulf-stream  now  eaualixes 
in  so  remarkable  a  degree  the  temperatures  of  different  latitudes  in  a 
considerable  portion  of  its  course  in  the  northern  ocean.    If  we 

iume  its  effect  on  the  mean  annual  temperature  of  the  Alpine 

rjon  to  be  8°  or  9°,  instead  of  3°  or  4°,  as  in  the  Snowdonian 
-rirjon,  we  shall  probably  not  over-estimate  its  influence.    The  mean 

nual  temperature  would  be  thus  reduced  to  about  45°.  The  height 
of  the  line  of  32°  would  then  be  about  5000  feet.  The  difference  of 
summer  and  winter  temperatures  would  be  considerably  less  than  at 
present,  and  the  position  would  approximate  much  nearer  to  the 
character  of  an  insular  one.    Both  these  circumstances  would  be 

*  Darwin's  Journal,  p.  284. 
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favourable  to  a  lower  position  of  the  snow-line  with  reference  to  the 
line  of  32°,  than  at  present,  and  the  latter  also  to  the  production  of 
snow.  Under  such  circumstances  glaciers  might  descend  to  the  sea- 
level,  where  the  configuration  of  the  mountains  should  be  sufficiently 
favourable  to  their  descent,  and  supposing  the  sea  to  stand  at  such  a 
relative  height  as  to  reach  the  bases  of  the  mountains.  That  this 
was  the  case,  I  have  little  doubt ;  for  with  the  conviction  that  an 
enormous  erratic  block  like  the  pierre  a  bot,  above  Neufchatel,  must 
have  been  transported  across  the  valley  of  Switzerland  by  floating 
ice,  I  think  it  most  probable  that  the  whole  Alpine  region  was,  at 
the  glacial  period,  2000  or  3000  feet  at  least  lower  than  its  present 
level ;  so  that  the  sea  might  not  only  extend  to  the  base  of  the  Alpine 
range,  but  might  also  penetrate  into  many  of  its  lower  valleys. 

Thus  it  appears  from  this  investigation,  that  the  same  conditions 
which  would  produce  glaciers  on  our  Welsh  and  Irish  mountains, 
descending  to  the  level  of  the  sea  from  a  snow-line  from  1000  to  1500 
feet  above  that  level,  might  also  produce  similar  phenomena  in  the 
Alps  with  a  snow-line  5000  or  6000  feet  above  the  sea.  In  more 
northerly  regions  there  would,  of  course,  be  no  difficulty  in  accounting 
for  the  existence  of  similar  glaciers. 


%  III.  Discussion  of  the  Relative  Claims  of  the  preceding 
Hypotheses. 

I  have  already  stated  that  I  considered  the  hypotheses  discussed 
in  the  first  part  of  this  memoir  entirely  insufficient  to  account  for  any 
sensible  changes  of  terrestrial  temperature  in  the  later  geological 
periods,  as  they  obviously  are  to  render  account  for  a  change  from 
a  lower  to  a  higner  temperature.  In  the  earlier  periods  of  the  earth's 
history,  supposing  our  globe  to  have  been  originally,  as  there  are 
many  reasons  for  believing  it  to  have  been,  in  a  state  of  fusion,  its 
superficial  temperature  must  have  been  greatly  affected  by  its  internal 
heat  long  after  the  solidification  of  its  surface  had  commenced.  Un- 
doubtedly this  cause  may  be  appealed  to  as  sufficient  for  the  produc- 
tion of  almost  any  amount  of  terrestrial  temperature ;  but,  if  the  tem- 
peratures thus  to  be  accounted  for  be  many  degrees  above  the  existing 
temperatures,  we  can  only  account  for  them  by  this  theory  with 
reference  to  periods  of  very  remote  geological  antiquity  (art.  6,  p.  59). 
I  have  also  shown  that  any  sensible  effects  of  a  difference  of  intensity 
in  stellar  radiation  can  only  be  referred  to  similarly  remote  epochs, 
and  even  for  those  periods  the  theory  founded  upon  this  notion 
appears  to  me  but  vague  and  unsatisfactory. 

Another  theory  of  the  changes  of  terrestrial  temperature  has  been 
founded  on  the  notion  of  a  variation  in  the  intensity  of  solar  radiation. 
This  cause,  once  admitted,  might  undoubtedly  be  deemed  adequate  to 
account  for  all  the  changes  in  question,  nor  does  there  appear  to  be 
any  well-defined  h-priori  objection  to  it.  No  theory,  however,  can 
be  satisfactory  which  presents  itself  as  a  mere  hypothesis  framed  to 
account  for  a  single  and  limited  class  of  facts,  and  unsupported  by 
the  testimony  of  any  other  class  of  allied,  but  independent  phse- 
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nomena.  The  reception  of  such  a  theory  must  always  be  accom- 
panied with  great  reserve,  and  must  depend  less  on  its  own  positive 
claims,  than  on  an  equal  or  greater  want  of  such  claims  on  tne  pari 
of  rival  theories. 

The  theory  which  attributes  the  changes  of  terrestrial  temperature 
to  a  varying  configuration  of  land  and  sea  is  scarcely  less  indefinite 
than  the  others  in  its  direct  application  to  account  for  the  difference 
of  temperature  between  the  present  and  the  very  remote  geological 
epochs,  on  account  of  our  ignorance  of  the  disposition  of  sea  and  land 
in  any  but  the  most  recent  geological  times.  In  the  more  remote 
periods,  more  than  one  of  the  causes  here  specified  may  have  had 
their  influence;  but  in  accounting  for  the  more  recent  changes  of 
temperature,  the  last-mentioned  theory  appears  to  me  to  have  by  far 
the  greatest  claim  to  our  attention.  I  have  endeavoured  in  the  pre- 
ceding Sections  of  this  second  Part  of  my  memoir  to  trace  the  coo- 
sequences  of  certain  hypothetical  configurations  of  the  earth's  surface, 
and  to  explain  the  conditions  under  which  a  degree  of  cold  might 
exist  adequate  to  produce  the  phenomena  of  the  Glacial  Epoch.  I 
propose  in  this  concluding  Section  to  offer  a  few  leading  observa- 
tions on  the  relative  claims  of  these  different  hypotheses  to  our  ac- 
ceptance. 

30.  The  most  obvious  mode  of  producing  a  great  degree  of  cold  is 
by  local  elevation.  If  we  attribute  the  former  presumed  cold  of 
western  Europe  to  this  cause  alone,  it  would  be  necessary,  as  I  have 
shown  (art.  24,  p.  82),  to  elevate  the  whole  region  into  a  vast  moun- 
tain-range, attaining  in  some  parts  theheightof  10,000 feet  or  upwards. 
But  all  geological  experience  assures  us  that  no  such  mountain-range 
exists  without  numerous  dislocations  and  other  phssnomena  of  ele- 
vation having  determinate  relations  to  the  elevated  tract.  Of  such 
characteristic  phenomena  not  the  slightest  traces  have  been  recog- 
nized. If  it  be  urged  that  the  elevation  might  be  more  local  than 
here  supposed,  I  would  reply  that  such  an  hypothesis  would  rather 
strengthen  than  weaken  tne  objection  ;  for  the  more  local  the  ele- 
vation, the  more  certainly,  I  think,  would  it  be  accompanied  with 
dislocations  which  could  not  escape  detection.  I  should  reject  without 
hesitation  any  theory  founded  on  the  hypothesis  of  an  elevation  during 
the  glacial  period,  at  all  approximating  to  that  which  would  be  ne- 
cessary to  produce  the  required  degree  of  cold. 

31.  Again,  a  great  degree  of  cold  might  be  produced  by  the  con- 
version of  a  sufficient  portion  of  the  Atlantic  into  dry  land.  But  this 
would  also  require  an  elevation  of  western  Europe,  probably  of  several 
thousand  feet  (art.  25).  Now  if  the  cold  of  the  glacial  epoch  were 
thus  produced,  this  enormous  area  of  the  Atlantic  must  nave  been 
uplifted  from  its  former  level  immediately  previous  to  that  epoch* 
and  must  since  have  Again  subsided.  Considering  the  probable  aepth 
of  the  Atlantic  Ocean,  this  movement  must  indeed  have  been  enormous* 
and  yet,  although  occurring  at  the  most  recent  geological  period,  not 
a  trace  of  it  is  observable  either  on  the  European  or  American  side  of 
the  Atlantic.  Under  any  circumstances,  a  theory  founded  on  such 
an  hypothesis  would,  I  think,  be  most  unsatisfactory,  and  cannot  be 


1851.] 


HOPKINS  ON  CHANGES  OF  CLIMATE. 


89 


accepted  in  opposition  to  any  other  theory  which  may  be  free  from 
objections  of  so  grave  a  character. 

We  may  also  observe,  that  any  theory  of  the  production  of  cold 
solely  by  the  elevation  of  the  regions  presenting  glacial  phenomena 
wou/d  be  insufficient  to  account  tor  many  of  these  phenomena.  It 
would  be  necessary  that  such  a  theory  should  embrace  also  the  de- 
pression of  such  regions  beneath  the  level  of  the  sea,  either  before  or 
after  their  elevation,  for  some  of  the  phenomena  in  question  may  be 
referred  to  floating  ice  and  currents  of  water  with  quite  as  much 
certainty  as  others  can  be  to  the  action  of  glaciers. 

32.  Again,  I  have  shown  that  the  requisite  degree  of  cold  for  the 
production  of  glaciers  might  arise  from  the  diversion  of  the  Gulf- 
stream  into  some  other  channel,  the  submergence  of  a  great  portion 
of  the  existing  European  continent,  and  a  cold  current  from  the 
north.  This  diversion  of  the  Gulf-stream  might  be  produced  by  the 
elevation  of  a  portion  of  the  bed  of  the  Atlantic  so  as  to  form  con- 
necting land  between  the  most  western  part  of  Africa  and  the  most 
eastern  portion  of  South  America.  But  this  would  require  an  enor- 
mous movement,  of  which,  I  believe,  not  the  slightest  geological 
indication  has  been  recognized,  and  the  hypothesis  is  therefore  liable 
to  the  same  objection  as  that  which  may  be  made  against  the  suppo- 
sition of  the  more  northern  portion  of  the  Atlantic  having  been 
elevated  into  dry  land  during  the  glacial  period.  But  there  is  another 
mode  in  which  the  diversion  of  this  great  current  may,  as  it  appears 
to  me,  have  been  effected,  and  to  which  I  would  especially  direct  the 
attention  of  geologists. 

33.  On  the  west  of  the  continent  of  North  America,  a  continuous 
and  lofty  range  of  mountains,  the  Rocky  Mountains,  extends  from 
Mexico  to  the  Arctic  Sea.  Another,  but  far  less  lofty  chain,  the 
AUeghanies,  runs  parallel  to  the  eastern  coast  from  near  the  Gulf  of 
Mexico  to  the  St.  Lawrence.  The  great  valley  of  the  Mississippi  and 
its  tributaries,  extending  over  some  30°  of  longitude,  occupies  the 
southern  portion  of  the  space  between  these  two  mountain-chains, 
being  bounded  on  the  south  by  the  Gulf  of  Mexico,  into  which  the 
Mississippi  discharges  its  waters.  In  proceeding  from  the  mouth  to 
the  source  of  this  great  river,  we  ascend  about  1500  or  1600  feet*. 
Proceeding  northward  from  its  source,  we  descend  into  the  great 
valley  extending  from  the  Gulf  of  St.  Lawrence,  on  the  eastern  coast, 
alone  the  great  chain  of  North  American  lakes,  to  the  mouth  of  the 
Mackenzie  River,  which  discharges  itself  into  the  Arctic  Sea.  Thus  a 
depression  of  2000  feet  would  convert  the  valley  of  the  Mississippi 
into  a  great  arm  of  the  sea,  of  which  the  present  Gulf  of  Mexico 
would  form  the  southern  extremity,  and  which  would  communicate 
at  its  northern  extremity  with  the  waters  occupying  the  submerged 
district  above-described  as  the  great  valley  now  occupied  by  the  chain 
of  lakes.  A  direct  communication  would  thus  be  produced  between 
the  Gulf  of  Mexico  and  the  Arctic  Sea  along  the  eastern  base  of  the 
Rocky  Mountains. 

*  See  Sir  John  Richardson's  paper  "  On  some  points  of  the  Physical  Geology 
of  North  America,"  Quart.  Joum.  Geol.  Soc.  1851,  vol.  vii.  p.  212. 
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The  Gulf-stream,  flowing  through  the  Straits  of  Bahama,  and 
afterwards,  in  its  north-eastern  direction,  towards  the  North  Sea  and 
the  coasts  of  Europe,  is  a  current  reflected  from  the  shores  of  the 
Gulf  of  Mexico  in  consequence  of  the  impossibility  of  its  continuing 
the  north-western  course  by  which  it  reaches  the  Gulf.  But  in.the 
case  now  supposed,  a  direct  opening  would  be  made  exactly  in  the  di- 
rection which  the  current  would  continue  to  follow  if  uninterrupted. 
Its  continuance  to  the  Arctic  Sea,  and  its  non-reflexion  through  the 
Straits  of  Bahama,  would  be  the  obvious  consequences  of  the  de- 
pression of  the  continent  of  North  America.  It  would  thus  lose  all 
sensible  influence  on  the  coasts  of  western  Europe,  but  it  would  ne- 
cessarily increase  the  temperature  along  its  new  course,  and  especially 
in  the  cold  region  of  north-western  America  towards  the  present 
shores  of  the  Arctic  Sea.  The  north-eastern  portion  of  the  present 
continent  would  probably  be  much  less  affected  by  it. 

34.  It  is  probable  that  every  great  oceanic  current  must  have  its 
counter-current.  Now,  if  the  mass  of  water  constituting  the  Gulf- 
stream  were  poured,  as  here  supposed,  directly  into  the  Arctic  Ocean, 
the  only  course,  which  any  great  counter-current  from  that  ocean 
could  follow,  would  seem  to  be  through  the  North  Sea  mteirening 
between  the  coasts  of  Norway  and  Greenland,  and  across  the  sub- 
merged portion  of  northern  Europe.  There  would  in  fact  be  no 
other  considerable  opening  from  the  north ;  for  even,  if  we  suppose 
the  low  lands  of  northern  Asia  to  be  submerged,  the  mountain-ranges 
of  that  region  would  still  offer  an  insuperable  bar  to  any  egress,  ex- 
cept in  the  direction  above  indicated,  for  the  waters  of  the  Arctic 
Ocean.  The  opening  through  Behring's  Straits  would  probably  not 
be  worthy  of  notice.  These  considerations  appear  to  me  to  increase 
considerably  the  probability  that  this  diverted  course  of  the  Gulf- 
stream  would  be  attended  by  a  cold  current  over  the  region  now  oc- 
cupied by  the  continent  of  northern  and  western  Europe. 

35.  Tne  theory  which  I  have  here  proposed  respecting  the  diver- 
sion of  the  Gulf-stream,  is  not  to  be  regarded  as  resting  on  an  hypo- 
thesis framed  simply  to  enable  us  to  account  for  a  particular  class  of 
phenomena.  I  regard  it,  on  the  contrary,  as  resting  on  a  necessary 
inference  from  the  submergence  of  the  North  American  continent ; 
for,  I  repeat,  if  that  continent  were  submerged  to  the  depth  implied, 
as  I  believe  by  the  most  conclusive  geological  evidence,  the  coarse  of 
the  Gulf-stream  could  be  no  other  than  that  which  I  have  assigned 
to  it.  It  is  necessary,  according  to  this  view  of  the  subject,  to 
suppose  this  to  have  been  the  course  of  the  current  during  the  period 
of  greatest  cold  in  Europe,  but  it  is  by  no  means  necessary  to  extend 
the  supposition  to  the  whole  period  of  submergence  of  a  great  por- 
tion of  the  American  continent.  Many  of  the  glacial  phsenomena  of 
that  region  might  be  produced  during  its  partial  submergence,  before 
the  depression  of  the  land  was  sufficient  to  admit  the  current  to  the 
Arctic  Sea,  or  after  its  course  had  been  again  impeded,  or  altogether 
arrested,  by  the  partial  subsequent  elevation  of  that  continent. 
During  the  uninterrupted  course  of  the  current  to  the  north,  it  would 
doubtlessly,  as  I  have  above  remarked,  increase,  and  probably  very 
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ranch  increase,  the  temperature  of  the  region  corresponding  to  the 
present  shores  of  the  Arctic  Sea ;  for  nearly  the  whole  of  that  mass 
of  warm  water,  which  now  elevates  so  remarkably  the  temperature 
of  the  northern  Atlantic  up  to  the  North  Sea,  would  then  proceed 
to  discharge  itself  into  the  Arctic  Sea  between  the  Rocky  Mountains 
and  Hudson's  Bay,  by  a  course  shorter,  more  direct,  and  probably 
therefore  more  rapid,  than  that  by  which  it  now  reaches  the  coast  of 
Iceland.  I  should  consider  it  most  probable  that  it  would  produce 
a  temperature  in  the  region  along  the  north-eastern  flank  of  the 
Rocky  Mountains,  and  extending  to  the  present  northern  shores  of 
the  American  continent,  higher  tnan  that  of  Iceland,  and  more  nearly 
resembling  that  of  some  parts  of  our  own  island. 

After  having  arrived  at  this  conclusion,  I  was  naturally  anxious  to 
learn  whether  any  distinct  indications  had  been  observed  of  this  cli- 
roatal  condition  of  the  region  in  question,  and  recollecting  to  have 
heard  my  friend  Prof.  £.  Forbes  make  incidental  mention  of  the  dis- 
covery in  high  northern  latitudes  of  vegetable  remains  indicative  of 
a  temperature  considerably  higher  than  the  existing  temperature,  I 
wrote  to  him,  stating  my  own  conclusions,  to  ascertain  the  precise 
locality  in  which  these  remains  had  been  found,  and  the  period  to 
which  they  belonged.  A  few  days  ago  I  received  his  reply,  stating 
that  these  plants  might  belong  to  the  pleistocene  period,  and  that 
the  locality  in  which  they  had  been  found  was  precisely  that  above 

rken  of,  along  the  flanks  of  the  Rocky  Mountains  and  between 
m  and  Hudson's  Bay,  as  the  region  of  which  the  temperature 
would  probably  be  so  much  affected  by  the  warm  current  from  the 
Gulf  of  Mexico.  I  cannot  but  regard  these  remains  as  strongly  con- 
firmative of  the  view  which  I  have  now  ventured  to  propound. 

But  how,  it  may  be  asked,  could  such  a  warm  current  be  consist* 
ent  with  the  glacial  phenomena  of  the  North  American  continent  ? 
I  have  already  intimated  the  reply  to  this  question.  The  exact  pe- 
riod of  these  phenomena  might  be  either  anterior  or  posterior  to  that 
during  which  the  Gulf-stream  made  its  way  to  the  Arctic  Sea.  Sup- 
pose the  superficial  configuration  of  that  continent  previous  to  its 
submergence  to  have  been  similar  to  its  present  configuration.  A 
gradual  subsidence  might  convert  the  northern  portion  of  the  conti- 
nent into  an  arctic  sea  long  before  a  free  north-western  course  would 
be  opened  for  the  Gulf-stream.  With  the  exact  similarity  of  the 
former  and  present  configuration,  this  extended  arctic  sea  would  be 
bounded  towards  the  south  by  the  higher  land  which  now  constitutes 
the  watershed  between  the  great  northern  valley  of  the  chain  of 
lakes  and  that  of  the  Mississippi ;  but  if  the  former  and  present  con- 
figurations of  the  land  were  only  approximately  and  not  accurately 
similar,  or  if  the  submergence  were  more  rapid  in  the  north  than  in 
the  south,  the  boundary  of  the  extended  Arctic  Ocean  might  pass 
further  to  the  south,  and  comprise,  for  instance,  the  northern  part 
of  the  valley  of  the  Mississippi,  before  the  Gulf  of  Mexico  extended 
its  waters  much  to  the  north  of  its  present  boundary.  In  tike  man- 
ner, similar  conditions  might  obtain  during  the  subsequent  emergence 
of  the  land.    Minor  hypotheses  of  this  kind,  entirely  subsidiary  to 
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the  general  hypothesis  with  which  they  are  associated,  must  he  con- 
sidered as  always  admissible,  and  can  only  be  tested  by  observed 
phenomena.  One  remark,  however,  should  here  be  made.  The 
periods  of  greatest  cold  in  America  and  western  Europe  respectively 
could  not,  according  to  this  theory,  be  exactly  synchronous.  As- 
suming, as  we  have  done,  the  Gulf-stream  to  have  existed  during  the 
supposed  changes  of  level  of  the  North  American  and  European 
continents,  it  must  have  exerted  its  warming  influence  in  the  more 
northern  latitudes,  either  as  a  direct  current  along  the  flanks  of  the 
Rocky  Mountains,  or  as  a  reflected  one  on  the  western  coasts  of  Eu- 
rope. The  cold  due  to  the  absence  of  its  influence  in  both  these  re- 
gions could  not  be  strictly  simultaneous,  although  belonging  to  the 
same  geological  period.  This  is  an  essential  conclusion  of  the  theory. 
I  know  not  whether  there  are  any  geological  (acts  which  tend  either 
to  favour  or  oppose  it. 

36.  It  only  remains  for  me  to  say  a  few  words  respecting  the  hy- 
pothesis made  in  the  early  part  of  this  memoir  (art.  14,  p.  68)  of 
the  continuity  of  land  from  the  north  of  Scotland  to  the  coast  of 
Greenland.  I  have  stated  my  opinion  that  the  mean  temperature 
along  such  a  northern  shore  of  the  Atlantic  might  be  increased  4°  or 
5°  F.,  and  that  the  winter  temperature  would  probably  be  much  the 
same  on  the  coast  of  Iceland  as  in  the  latitude  of  central  France.  The 
climatal  change  might  possibly  be  still  greater  than  here  estimated. 

M.  D'Orbigny  has  observed  about  a  dozen  species  of  sublittoral 
molluscs  in  the  West  Indies,  which  he  regards  as  identical  with  spe- 
cies now  inhabiting  the  western  shores  of  the  old  continent  in  corre- 
sponding latitudes.  Now  admitting  the  theory  of  the  dispersion  of 
specific  forms  from  single  centres,  this  identity  of  species  would 
imply  some  connection  between  these  localities  on  opposite  sides  of 
the  Atlantic,  either  by  dry  land  or  a  shallow  sea-bottom.  1  have 
already  stated  (art.  32)  the  grave  difficulty  which  besets  the  hypo- 
thesis of  a  barrier  of  land  across  the  Atlantic,  and  a  similar  difficulty 
must  attach  to  the  hypothesis  of  a  shallow  sea-bottom.  The  conti- 
nuity of  the  northern  shores  of  the  Atlantic  warmed  by  the  Gulf- 
stream  may  possibly  enable  us  to  avoid  the  far  more  difficult  hypo- 
thesis just  mentioned.  I  merely  suggest  this  hypothesis,  however, 
for  the  consideration  of  those  who  may  adopt  the  above  opinion  of 
M.  D'Orbigny,  and  draw  from  it  the  inference  of  a  former  connection 
between  the  localities  in  which  the  identical  species  are  found. 


3.  Notice  of  the  Discovery  of  Reptilian  Foot-tracks  and 
Remains  tit  the  Old  Red  Sandstone  of  Morayshire.  By 
Capt.  L.  Brickenden,  F.G.S.  With  a  Description  of  the 
Telerpeton  Elginense,  and  Observations  on  Supposed 
Fossil  Ova  o/*Batrachians  in  the  Lower  Devonian  Strata 
±of  Forfarshire.  By  G.  A.  Mantell,  LL.D.,  F.R.S.,  G.8.  &c. 

dc«  reading  of  this  Paper  in  foil  «u  deferred  on  til  the  neit  Evening  Meeting.] 
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January  7,  1852. 

Joseph  G.  W.  Watson,  Ph.  D.,  the  Rev.  Charles  Pritchard,  M.A., 
John  Phear,  Esa.,  James  Hepburn,  Esq.,  and  T.  Rupert  Jones,  Esq. 
were  elected  Fellows. 

The  following  communications  were  read : — 

1.  Notice  of  the  Discovery  of  Reptilian  Foot-tracks  and  Re- 
mains in  the  Old  Red  or  Devonian  Strata  of  Moray.  By 
Capt.  Lambart  Brickenden,  F.G.S.  With  a  Description  of 
the  Telerpeton  Eloinense,  and  Observations  on  supposed 
Fossil  Ova  of  Batrachians  in  the  Lower  Devonian  Strata 
of  Forfarshire.  By  Gideon  Algernon  Mantell,  Esq., 
LL.D.,  F.R.S.,  G.S.,  Pres.  West  London  Medical  Society. 

[The  Reading  of  these  Papers  was  deferred  from  December  1 7.] 

I  beg  to  submit  to  the  Geological  Society  a  brief  notice  of  a  discovery 
of  considerable  interest,  which  I  made  during  the  last  year,  but  was 
prevented  from  communicating  before  the  close  of  the  last  Session ; 
a  delay  which  I  do  not  now  regret,  since  a  recent  fact  has  come  to 
vol.  viii. — part  i.  h 
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light  which  invests  with  additional  importance  that  which  it  was  my 
object  to  lay  before  the  Society. 

In  1850  I  discovered  in  the  quarry  of  Old  Red  at  Commingston 
near  Elgin,  a  slab  of  sandstone  bearing  a  beautiful  and  distinct  series 
of  quadrupedal  foot-prints,  of  which  a  representation,  one-sixth  the 
size  of  the  original,  is  given  in  the  annexed  sketch  (PI.  III.). 

The  slab  exhibits  on  the  surface,  in  a  very  striking  manner,  thirty- 
four  foot-prints  of  a  quadruped,  traced  in  an  uninterrupted  succession 
across  the  stone.  The  impressions  of  the  right  feet  alternate  with 
those  of  the  left,  from  which  they  are  separated  laterally  by  an  in- 
terval of  three  inches,  the  length  of  each  stride  or  pace  being  about 
four  inches.  The  imprints  of  the  fore  and  those  of  the  hind  feet  are 
nearly  in  contact,  ana  bear  a  precisely  similar  relation  throughout : 
the  size  of  the  foot-marks  of  the  former  in  proportion  to  the  latter  is 
as  three  to  four ;  the  hinder  being  about  one  inch  in  diameter.  The 
imprints  are  slight  cavities,  and  are  all  characterized  by  the  same 
rounded  and  blunt  appearance,  apparently  indicating  that  the  artico-1 
lations  of  the  feet  were  closely  connected,  although,  from  the  cry-( 
stalline  and  arenaceous  surface  of  the  stone,  the  form  and  number  of 
the  joints  of  the  toes  cannot  be  positively  determined.  A  slight  trail- 
ing mark  is  observable  between  some  of  the  foot-marks.  In  some  of 
the  marks  it  appears  that  the  foot,  in  pressing  on  the  originally 
yielding  sand,  had  slightly  raised  the  surface  at  the  heel,  but  this  is 
scarcely  perceptible  in  the  drawing.  The  strata  of  yellow  sandstone, 
from  which  the  above  slab  was  removed,  prevail  in  great  thickness] 
on  the  sea-coast  of  Moray,  between  the  villages  of  Coveses  ami 
Burghesd,  and  are  regarded  as  belonging  to  the  upper  division  of  the* 
Devonian  Series  of  Scotland ;  and  this  opinion  is  based  on  the  fact  of 
finding  the  yellow  sandstone  in  apparently  consecutive  order  of  po-i 
sition  to,  or  closely  connected  witn,  neighbouring  rocks  which  sra 
unquestionably  Old  Red.  ! 

It  unfortunately  happens  that  we  have  but  few  organic  remains  to) 
assist  in  determining  the  relation  of  these  strata ;  for  with  the  excep- 
tion of  the  relics  of  that  remarkable  Devonian  fish,  the  StagonoUpi* 
Robertsoni,  of  Agassis,  not  a  fossil  of  any  kind  had  been  found  ini 
the  Covesea  rocks,  until  the  discovery  of  the  foot-tracks  in  question. 

Within  the  course  of  the  last  month,  however,  s  neighbouring  hill 
on  the  margin  of  Loch  Spynie,  hitherto  barren  of  organic  remains, 
but  which,  like  that  of  Coveses,  is  held  to  be  Devonian,  has  yielded' 
from  the  bottom  of  its  deep  quarry  a  beautiful  specimen  of  a  Reptile, 
which,  although  its  entire  length  could  not  have  exceeded  seven  or 
eight  inches,  exhibits  the  vertebral  column,  ribs,  the  extremities,  and , 
the  skull  in  a  compressed  state,  with  some  small  conical  teeth,  hiving, 
a  smooth  enamelled  surface. 

This  peculiarly  interesting  relic  came  into  possession  of  Patrick . 
Duff,  Esq.,  of  Elgin,  who  has  liberally  permitted  me  to  transmit  it  to  • 
London,  for  the  examination  of  my  friend  Dr.  Mantell,  by  whom  the ! 
accompanying  description  has  been  drawn  up.  ' 

I  would  here  mention  that  at  the  time  of  my  finding  the  foot- 
tracks  si  Cnrnmmgston,  a  strict  investigation  took  place  as  to  whether 
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the  sandstone  strata  from  which  the  slab  was  obtained  are  unques- 
tionably referable  to  the  Devonian  formation,  to  which  they  had 
always  been  considered  to  belong ;  the  occurrence  of  foot-prints,  ap- 
parently of  Chelonians,  in  rocks  in  which  no  vestiges,  of  the  class 
Reptilia  had  ever  been  observed  in  any  part  of  the  world,  having  led 
some  persons  to  doubt  whether  they  might  not  be  connected  with 
the  Permian  Series.  The  discovery  of  the  Reptile  at  Spynie,  by  Mr. 
Patrick  Duff,  dispels,  however,  all  doubts  on  this  point,  for  the  sand- 
stones of  Ciimmingston  and  Spynie  are  identical,  and  at  Spynie  are 
overlaid  by  the  cherty  limestone  peculiar  to  the  upper  division  of  the 
Devonian  in  this  district. 


Figs.  1  and  2. — Sections  showing  the  Relation  of  the  Sandstone  and 
Limestone  Rocks  in  the  neighbourhood  of  Elgin. 


8.W. 


HH1  of  Spynie. 


Fig.  I. 


N.E. 


N.E. 


Fig.  2. 
Stotfleld  Point. 


S.W. 


Ic.  The  sandstone  quarry  from  which  the 
fossil  reptile  was  obtained. 

The  yellow  sandstone  of  Stotfield  is  a  continuation  of  that  of  Covesea,  from  which 
latter  the  Foot-prints  were  obtained. 


The  relative  position  of  the  strata  in  the  two  localities  above  re- 
ferred to  is  shown  in  the  accompanying  figs.  1  &  2.  The  quarry  from 
which  the  reptile  was  obtained  is  situated  on  the  Hill  of  Spynie ;  the 
locality  whence  I  extracted  the  slab  with  foot-prints  is  to  the  north- 
west, and  separated  from  the  former  beds  by  Loch  Spynie. 

I  am  reminded,  by  the  accomplished  editor  of  '  The  Witness/ 
Mr.  Hugh  Miller,  "  that  the  Dipterian  family,  in  which  M.  Agassiz 
places  that  unique  ichthyolite  the  Stagonolepis  Robertsoni,  is  em- 
phatically an  Old  Red  Sandstone  family,  represented  in  the  coal-mea- 
sures only  by  a  Diplopterus,  and  in  the  Permian  series  it  is  without 
a  representative  at  all." 

By  the  discovery,  therefore,  of  the  foot-prints  at  Cummingston, 
and  of  the  Reptilian  skeleton  at  Spynie,  Morayshire,  we  have  now 
obtained  indisputable  evidence  in  our  own  country  (I  believe  for  the 
first  time)  that  the  class  Reptilia  existed  at  that  very  remote  period 
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of  the  world's  physical  history,  which  is  defined  by  the  deposition  of 
the  strata,  termed  by  geologists  the  Old  Red,  or  Devonian  formation. 

Description  of  the  Telerpeton  Elgin  ense,  a  Fossil  Reptile 
recently  discovered  in  the  Old  Red  Sandstone  of  Moray;  with 
Observations  on  supposed  Fossil  Ova  o/Batrachians  in  the 
Lower  Devonian  Strata  of  Forfarshire.  By  Gideon 
Algernon  Mantell,  Esq.,  LL.D.,  F.R.S.,  G.S.,  Honorary 
Fellow  of  the  Royal  College  of  Surgeons  of  England,  President  of 
the  West  London  Medical  Society,  &c. 

The  highly  interesting  fossils  from  the  Devonian  rocks  of  Morayshire, 
which  Mr.  Patrick  Duff  of  Elgin  has  with  great  courtesy  allowed  my 
friend  Captain  Brickenden  to  transmit  to  me,  with  a  request  that  I 
would  examine  and  describe  them,  and  lay  the  results  before  the  Geo- 
.  logical  Society  of  London,  consist  of  the  remains  and  impressions  of 
nearly  the  entire  skeleton  of  a  lacertian  reptile,  4|  inches  in  length, 
in  a  block  of  crystalline  sandstone  broken  into  three  pieces. 

On  the  largest  fragment,  PI.  IV.  9,  the  spinal  column  with  the 
ribs,  from  near  the  occiput  to  the  sacrum,  is  distinctly  shown ;  the 
pelvis  is  but  obscurely  indicated;  the  caudal  vertebra  with  their 
apophyses,  comprising  apparently  two-thirds  of  the  entire  tail,  are 
manifest.  There  are  no  traces  of  the  bones  of  the  pectoral  arch,  nor 
of  those  of  the  feet.  Of  the  left  anterior  extremity,  impressions  of 
the  distal  half  of  the  humerus,  and  of  the  proximal  portions  of  the  radius 
and  ulna  are  the  only  vestiges ;  the  right  arm  is  indicated  solely  by  a 
hollow  left  by  the  humerus.  The  forms  of  the  bones  of  the  hinder 
limbs  are  demonstrated  bv  the  deep  imprints  of  the  femora  and  tibia*, 
and  less  distinct  traces  of  the  fibulae. 

The  piece  of  sandstone,  PI.  IV.  8,  that  has  been  broken  from  the 
upper  par£  of  the  block,  PI.  IV.  9,  nearly  parallel  with  the  plane  of 
the  spine,  displays  the  corresponding  impressions  of  the  vertebral 
column  and  ribs,  pelvis,  bones  of  the  hinder  limbs,  and  tail. 

The  third  portion  of  stone,  PI.  I V.  4  *,  4,  has  been  detached  from 
the  anterior  part  of  PI.  IV.  9 ;  it  contains  the  cranium  in  a  very  muti- 
lated state,  and  in  a  great  measure  concealed  by  the  investing  matrix. 
The  removal  of  the  surrounding  sandstone  would  probably  disclose 
characters  that  might  assist  in  determining  the  natural  a&nities  of 
the  original  animal,  but  as  this  unique  and  most  important  relic  was 
entrusted  to  me  for  description  only,  I  have  not  ventured  to  attempt 
its  more  complete  development ;  in  fact,  the  extreme  fragility  of  the 
specimen  would  render  such  an  operation  very  hazardous. 

With  the  exception  of  the  imbedded  skull,  scarcely  any  vestige  of 
the  osseous  substance  remains ;  impressions,  more  or  less  distinct,  of 
the  spinal  column,  pelvis,  and  extremities,  and  replacements  or  casta 
of  a  considerable  number  of  the  vertebra  by  the  investing  rock  are  the 
onlv  indications  of  the  form  and  structure  of  the  Devonian  reptile 
which  the  researches  of  Mr.  Duff  have  brought  to  light. 

In  the  largest  block  (PI.  IV.  9)  the  dorsal  aspect,  or  upper  part, 
of  the  skeleton  :i  exposed.  The  vertebral  column  and  ribs  are  almost 
in  a  normal  y   tion ;  the  cranium  is  somewhat  displaced,  and  lies  on 
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one  side ,  the  extremities  are  partially  extended,  and  the  thigh-hones 
directed  forwards ;  the  tail  is  curved  towards  the  right. 

At  the  first  glance  the  fossil  presents  so  striking  a  resemblance  to 
the  skeleton  of  a  small  lizard,  that  upon  a  hasty  inspection,  I  had  no 
doubt  that  it  belonged  to  a  lacertian  reptile,  ana  anticipated  but  little 
difficulty  in  determining  the  form  and  relations  of  the  original :  but 
a  careful  examination  disclosed  anatomical  characters,  which,  if  I  have 
rightly  interpreted,  indicate  an  approach  to  the  batrachian  type :  the 
results  of  a  rigid  investigation  and  comparison  of  every  recognizable 
part  of  the  skeleton  are  embodied  in  the  following  description. 

Cranium. — From  the  outline  of  the  mutilated  skull,  which  can  be 
traced  but  imperfectly,  the  form  of  the  head  appears  to  have  been 
oblong,  with  a  gently  rounded  muzzle  (PI.  IV.  3, 4) .  The  remains  of  the 
vomerine  and  palatine  bones  are  seen  between  the  imprints  left  by  the 
lower  jaw,  but  are  too  much  crushed  to  afford  any  satisfactory  in- 
formation as  to  the  original  form  and  structure  of  this  part  of  the 
cranium.  The  impressions  of  the  distal  or  articular  portion  of  each 
ramus  of  the  lower  jaw  are  faintly  shown,  as  sketched  in  PI.  IV.  3,  and 
4,  a,  a ;  but  I  have  searched  in  vain  for  indications  of  the  divisions 
of  the  several  parts  that  enter  into  the  composition  of  the  inferior 
maxillary  bone  in  reptiles  ;  even  the  outline  of  the  anterior  portion  of 
the  den tary  piece  is  not  traceable. 

Teeth. — Gapt.  Brickenden  informs  me  that  when  the  fossil  was 
discovered  there  were  several  extremely  minute  conical  teeth,  having 
a  smooth  polished  surface ;  they  were  displaced,  but  distinctly  visi- 
ble. Under  a  highly  magnifying  power  two  or  three  displaced  teeth 
are  still  discernible  (PI.  IV.  1,  1  a,  2),  but  their  original  position  in 
the  jaw  is  not  obvious.  I  have  been  unsuccessful  in  my  attempts  to 
make  out  the  structure  of  the  occipital  condyle. 

.  Vertebra. — I  cannot  detect  the  atlas  or  axis ;  the  first  vertebra 
seen  in  PI.  IV.  9,  is  probably  the  third  or  fourth  cervical ;  the  spinal 
column  from  this  point  to  the  sacrum  consists  of  twenty-four  verte- 
brae, as  in  the  Iguana,  each  bone  bearing  a  pair  of  ribs.  Whether 
the  bodies  of  the  vertebras  were  concavo-convex,  as  in  the  Lacertians, 
or  the  reverse,  as  in  the  Salamanders*,  or  doubly  concave,  as  in  the 
living  Axolotl  (a  Batrachian  that  inhabits  the  Lakes  of  Mexico),  I 
cannot  positively  determine ;  but  the  sparry  replacements  of  some  of 
the  intervertebral  spaces  appear  to  indicate  the  latter  modification  of 
structure :  and  if  these  casts  exhibit  the  normal  form,  the  vertebrae 
must  have  been  deeply  concave  at  both  extremities :  the  length  of 
a  dorsal  vertebra  is  one-ninth  of  an  inch. 

The  vertebras  are  for  the  most  part  exposed  dorsally ;  that  is,  the 
upper  part  of  the  neural  arch  is  deeply  imprinted  on  the  stone,  in 
PI.  IV.  8 :  and  sparry  casts  of  the  bodies  of  the  bones  constitute  a 
portion  of  the  spine  in  PI.  IV.  9. 

A  cast  from  the  specimen,  PI.  IV.  8,  exhibits  the  form  of  the  upper 
part  of  the  vertebral  column,  so  far  as  it  can  be  determined  from  the 

*  In  the  Salamandruke  the  vertebra  are  convex  anteriorly  and  concave  poste- 
riorly :  the  reverse  of  those  of  Frogs  and  Lizards :  in  the  Axolotl  they  are  deeply 
capped  at  both  ends. 
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fossil*  (see  PI.  IV.  5,  6).  In  this  point  of  view  the  dorsal  aspect  of 
the  vertebra  is  of  a  aubqiiadrangiilar  form ;  the  articulating  planes  of 
the  zygapophvses  are  horizontal ;  the  neural  arch  rises  into  a  roof  or 
dome,  the  spinous  process  forming  only  a  slight  ridge,  and  not  a 
sharp  crest,  as  in  Lizards*.  The  body  or  centrum  of  the  vertebra  is 
cylindrical,  slightly  contracted  in  the  middle,  and  both  articular  ends 
nxv  concave :  such  at  least  is  the  inference  I  hare  drawn,  after  a  careful 
con  siik  ration  of  the  various  appearances  presented  by  the  fragmentary 
remains  of  the  spinal  elements.  If  this  view  be  correct,  the  characters 
of  the  vertebrae  are  peculiar:  the  centrum  resembles  that  of  the 
vertebrae  in  the  Axolotl,  and  in  numerous  extinct  Sanrians,  while  the 
neural  arch  approaches  the  corresponding  element  in  the  fialamanders. 
A  comparison  of  PI.  IV.  6,  which  is  an  enlarged  view  of  the  dorsal 
aspect  of  the  neurapophysis  of  one  of  the  fossil  vertebrae,  with  the 
vertebra  of  the  large  Salamander,  Sieboldtia  maxiwta  (PI.  IV.  7),  for 
which  I  am  indebted  to  J.  £.  Gray,  Esq.,  shows  this  resemblance. 
Another  remarkable  feature  of  the  spinal  column  in  the  fossil  reptile 
U  the  great  uniformity  of  character  in  the  vertebrae  throughout  the 
spine.  The  sacral  vertebrae  are  but  indistinctly  denoted :  the  caudals 
have  long  apophyses,  and  only  ten  or  twelve  vertebrae  are  disclosed, 
the  terminal  series  being  concealed  beneath  the  stone ;  probably  the 
entire  length  of  the  tail  did  not  exceed  an  inch  and  a  half. 

Rtb*. — The  ribs,  of  which  there  are  twenty-four  pairs,  are  remark- 
ably slender,  and  appear  to  have  been  attached  by  a  simple  head  as 
hi  the  Lizards ;  but,  as  only  imprints  of  these  processes  remain,  the 
m<>oV  of  union  with  the  bodies  or  neural  arches  of  the  vertebrae  is 
not  distinctly  recognizable.  Some  of  the  impressions  seem  to  indicate 
that  itu?  ribs  were  attached  to  a  tubercle  on  the  anterior  part  of  the 
mi  t rum  i  others  may  be  traced  to  the  middle,  as  if  occupying  the 
xjloh*  relative  position  as  in  the  Salamanders  (see  PL  IV.  7) ;  but  the 
evidence  on  this  point  is  very  equivocal. 

Tin  length  and  curvature  of  the  costal  processes  and  the  simple 
mode  of  attachment  are  lacertian  characters,  and  strongly  contrast 
with  the  usual  abbreviated  and  rudimentary  condition  of  the  ribs  in 
Bat  radiums ;  yet  there  is  no  proof  that  any  of  these  processes  extended 
forward  to  the  sternum,  or  were  united  to  thoracic  or  abdoniinal  car- 
litam-s ;  on  the  contrary,  the  extremity  of  each  rib  appears  to  be 
entire,  as  if  none  of  these  bones  were  originally  prolonged  beyond 
the  impressions  left  on  the  stone  (PI.  IV.  9) ;  and  should  future 
discoveries  confirm  the  view  above  enunciated  of  the  structure  of  the 
nmiral  arch,  it  may  be  well  to  remind  the  reader,  that  in  a  senna  of 
living  liatrachians,  the  PUurodelesf,  the  ribs  are  developed  almost  to 
m  pvat  an  extent  as  in  this  fossil  reptile  J. 

IWcu. — On  the  specimen,  PI.  IV.  9,  the  form  of  this  part  of 

*  1 1  Lizards,  after  the  twelfth  donal  vertebra  the  spinous  process  is  a  strong, 
*tt!-iii*fked  character. — Curiam 
f  1 1  ms  t1  bodblbs,  WmUl,  Gray's  Catalogue  of  Amphibia  in  the  British  Museum 

p.  17. 

:  1  am  indebted  to  the  eminent  soologist  of  the  British  Museum,  John  Edward 
Gr»yr  Km^,  for  this  reference ;  and  also  for  unrestricted  access  to  the  important 
osUobgical  collection  which  has  been  formed  by  his  exertions. 
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the  skeleton  is  indicated  by  a  slight  convexity,  with  an  obscure  me* 
dian  ridge ;  apparently  produced  by  coalesced  sacral  vertebrae :  on 
the  stone,  PI.  IV.  8,  the  corresponding  impression  is  better  defined, 
hat  there  are  no  manifest  outlines  of  the  bones  composing  the  pelvic 
arch.  The  subouadrangnlar  depression  in  PI.  IV.  8  closely  resem- 
bles that  which  would  be  left  by  the  dorsal  surface  of  the  pelvis  of 
the  Salamanders ;  and  under  some  points  of  view  I  thought  there 
were  perceptible  traces  of  ilia  and  ischia  resembling  those  of  that 
family ;  but  no  reliance  can  be  placed  on  this  supposition.  I  have 
sought  in  vain  for  such  impressions  as  the  iliac  bones  of  Iguanas  or  of 
other  Lacertians  or  Saurians  would  produce ;  and  I  am  not  aware  of 
any  reptilian  pelvis,  except  that  of  Batrachians,  that  could  give  rise 
to  such  an  outline  as  is  seen  in  PI.  IV.  5,  8,  9. 

It  may  be  proper  to  remark,  that  the  pelvis  is  placed  after  the  twenty- 
fourth  vertebra  as  in  the  Iguana ;  in  Batrachians  the  pelvic  arch  is 
usually  attached  from  near  the  fifteenth  to  the  eighteenth  vertebra ; 
but  in  the  fossil  Salamander  of  (Eningen,  it  is  situated  near  the  twenty- 
first  or  twenty-second. 

Pectoral  arch. — Of  this  important  element  of  the  skeleton  there 
are  no  vestiges  exposed. 

Anterior  extremities. — Impressions  of  the  distal  half  of  the  left 
humerus,  and  of  the  corresponding  proximal  portions  of  the  ulna  and 
radius  (PL  IV.  9)  are  the  onlv  indications  of  the  anterior  limbs,  and 
these  present  no  distinctive  characters. 

Hinder  extremities.  Femora. — Both  femora  (PL  IV.  8,  9)  have 
left  distinct  imprints,  so  that  the  form  of  the  original  can  be  made 
out.  A  restored  outline  is  given  in  PI.  IV.  5.  The  femur  has  an 
oval  head,  a  sharp  process  or  trochanter  on  the  inner  side  of  the 
neck,  and  a  subcyundrical  shaft,  the  distal  end  of  which  is  slightly 
expanded,  and  compressed  in  its  antero-posterior  diameter :  the  popli- 
teal space  and  the  two  small  condyles  are  seen  in  PL  IV.  5. 

Tibiae  and  Fibula. — The  forms  of  these  bones  are  not  perfectly 
defined  by  the  imprints  on  the  stone.  The  tibia  has  the  shaft 
gently  bowed,  and  expanded  at  each  extremity ;  the  corresponding 
fibula  is  a  more  slender  bone :  its  entire  shape  is  not  seen. 

Feet. — Unfortunately  there  are  not  the  slightest  traces  of  the  bones 
of  the  feet. 

The  following  measurements  are  added  to  give  more  precision  to 
the  above  description : — 
Cranium,  length  8  lines. 

Vertebral  column,  from  the  occiput  to  the  pelvis,  2*4  inches. 
Bibs,  the  longest  6  lines ;  equal  to  about  the  length  of  five  dorsal 
vertebrae. 

Femur,  length  h\  lines.  Tibia,  length  4  lines. 
Pelvis,  transverse  diameter  4  lines. 
 ,  antero-posterior  diameter  3  lines. 

As  the  drawings  are  of  the  size  of  the  original,  further  particulars 
are  unnecessary.   


The  above  statement  comprises  eve"  ~&*cai  character  of  this 
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Devonian  Reptile,  which  a  patient  investigation  of  the  specimens  has 
enabled  me  to  detect ;  the  details  have  been  worked  ont  by  the  aid 
of  models  of  those  bones  that  have  left  distinct  imprints,  and  by  this 
method  the  form  of  the  dorsal  aspect  of  the  neurapophyses,  and  of 
the  bodies  of  the  vertebrae,  the  femora,  &c.,  as  represented  m  PI.  IV.  5, 
were  determined. 

On  the  accuracy  of  the  descriptions  the  palaeontologist  may  rely, 
for  they  have  been  drawn  np  witn  dne  caution  and  are  faithfully  re- 
corded ;  but  the  following  observations  on  the  probable  affinities  of 
the  original  animal  are  offered  with  much  deference,  and  as  mere  ap- 
proximative inferences,  the  true  value  of  which  the  discovery  of  a 
skeleton,  or  even  of  detached  bones,  will  sooner  or  later  determine. 

The  structure  of  the  skeleton,  so  far  as  it  is  disclosed  by  the  spe- 
cimens submitted  to  my  examination,  indicates  a  peculiar  type  of 
reptilian  organization,  in  which,  as  in  numerous  other  extinct  forma 
of  ibis  Class,  osteoiogicai  characters  are  associated,  which  in  existing 
oviparous  quadrupeds  are  restricted  to  distinct  orders  or  genera. 
Such  anomalies  (as  our  preconceived  archetypal  notions  lead  us  to 
regard  them)  are  continually  presented  to  the  palaeontologist,  and 
often  embarrass  his  attempts  to  interpret  the  relics  of  beings  whose 
races  have  long  since  been  swept  from  the  face  of  the  earth. 

The  skeleton  from  Elgin  exhibits  lacertian  characters  with  batra- 
chian  modifications.  From  the  mutilated  condition  of  the  imper- 
fectly exposed  cranium,  the  feeble  imprint  of  the  lower  jaw,  and  the 
uncertainty  as  to  the  mode  of  implantation  of  the  teeth,  no  conclusive 
opinion  can  be  formed  as  to  the  construction  of  the  skull ;  the  oval 
or  oblong  form  of  the  head  may  belong  either  to  a  Lizard,  or  an 
aquatic  Salamander.  In  the  length  and  characters  of  the  ribs,  the 
*i  i  u  at  ion  of  the  pelvis,  and  the  well-developed  limbs,  the  fossil  exhibits 

■  man  or  varanian  affinities;  but  the  apparent  structure  of  the 
neural  arch  with  its  small  spinous  process,  and  the  horizontality  of 
the  articular  surfaces  of  the  zygapophyses,  and  the  shape  of  the'im- 
prcftsion  left  by  the  pelvic  arch,  are  suggestive  of  batrachian  charac- 
ters ;  and  in  regard  to  the  extent  of  the  ribs,  the  fact  that  in  the 
Plrvrodele*  the  costal  processes  are  not  rudimentary,  as  in  other 
but  r  achians,  renders  that  feature  less  decisive. 

in  the  absence  of  any  certain  knowledge  of  the  essential  characters 
of  tlte  cranium,  jaws,  and  mode  of  dentition,  and  with  no  traces  of  the 
E  *  nrs  composing  the  pectoral  arch  and  feet,  and  with  but  faint  indica- 
-  <  >f  the  structure  of  the  pelvis,  I  cannot  presume  to  refer  the  fossil 
reptile  to  any  existing  order.  The  difficulties  which  beset  the  deter- 
mination of  the  natural  relations  of  extinct  reptilians,  of  which  even 
the  skull,  teeth,  and  jaws,  and  many  other  parts  of  the  skeleton,  are 
known,  is  strikingly  exemplified  by  the  fact,  that  at  the  present  time 
the  Labyrinthodonts,  which  in  England  are  generally  considered  to  be 
true  batrachians,  are  regarded  as  saurians  by  many  eminent  foreign 
otologists  (Von  Meyer,  Pheninger*,  Pictet,  &c.) ;  and  the 

*  The  LabyrinthodonU  are  divided  by  these  author*  into  three  genera,  viz. 
1 1  t^kmtmarm  (of  Jager) ;  Capt/oamnu,  and  Mttopiu.   See  4  Beitrage  sur  Pa- 
1  r* .  Mtologie  Wortemberg*.'   Stutgard,  1844.  , 
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original  name  of  Mastodonsaurus  is  actually  restored  to  the  great 
Wurtemburg  reptile,  discovered  by  my  friend  Dr.  Jager  of  Stutgard. 
In  fact,  the  characters  of  the  batrachian  order  are  chiefly  derived 
from  the  soft  parts,  of  which  no  traces  occur  in  a  fossil  state ;  and  it 
is  consequently  impossible  to  determine  with  precision  whether  re- 
mains of  reptiles  of  extinct  types,  and  of  whose  early  condition  we 
are  in  utter  ignorance,  are  referable  to  saurians  or  to  batrachians. 

From  what  has  been  advanced,  I  am  led  to  conclude  that  if  future 
discoveries  should  prove  the  batrachian  character  of  the  reptile  of  the 
Old  Red  of  Scotland,  the  original  must  have  nearly  resembled  in 
general  form,  and  doubtless  also  in  its  habits,  the  Tritons  or  aquatic 
Salamanders ;  but  that  it  had  a  longer  and  broader  dorsal  region,  a 
wide  tail,  and  well-developed  limbs,  equally  adapted  for  progression 
on  the  land  or  through  the  water :  on  the  other  hand,  should  its  la- 
certian  relations  be  established,  it  probably  differed  but  little  in  its 
physiognomy  and  economy  from  the  small  existing  terrestrial  Lizards, 
its  length  not  exceeding  six  or  seven  inches. 

In  the  uncertainty  as  to  the  natural  relations  of  this  most  ancient 
skeleton  of  an  oviparous  quadruped  hitherto  discovered,  I  propose  to 
distinguish  the  Devonian  reptile  of  Scotland  by  a  term  simply  de- 
noting its  remote  antiquity,  viz.  Telerpeton  (rij\e,procul ;  ipireTov, 
repens),  with  the  specific  designation  of  Elginense,  to  record  the 
locality  whence  it  was  obtained. 

DESCRIPTION  OP  PLATE  IV. 

muitrative  of  the  Telerpeton  Elginense  (Mantell),  a  fossil  Reptile  from  the 
Old  Red  Sandstone  of  Morayshire.  The  original  is  in  the  collection  of  Peter 
Duff,  Esq.,  of  Elgin. 

Pigs,  la,  2.  Enlarged  views  of  very  minute  conical  teeth  seen  in  the  portion  of 

cranium  represented  in  figs.  3  and  4. 
Fig.  1.  Enlarged  view  of  a  fractured  tooth  showing  a  relatively  large  internal 

cavity. 

Fig.  3.  Imprints  of  the  posterior  part  of  the  two  rami  of  the  lower  jaw,  with 
vestiges  of  minute  teeth,  and  the  palatal  arch  of  the  skull,  seen  from 
beneath,  as  exposed  in  the  piece  of  stone,  fig.  4.  The  form  of  the  ante- 
rior part  of  the  head  and  lower  jaw  is  not  obvious,  a,  a.  The  impressions 
of  the  posterior  angles  of  the  lower  jaw. 

Fig.  4.  The  remains  of  the  cranium,  imbedded  in  the  fragment  of  stone,  fig.  4* 
as  seen  when  separated  from  the  block,  fig.  9.  ' 

Kg.  5.  Restored  outlines  of  part  of  the  vertebral  column,  pelvis,  bones  of  the 
hinder  extremities,  &c. 

Fig.  6.  Enlarged  view  of  a  dorsal  vertebra  of  the  Telerpeton,  with  the  anterior 
and  posterior  zygapophyses  of  the  contiguous  vertebrae. 

Fig.  7.  Dorsal  vertebra  of  the  large  Salamander  (Sieboldtia  maxima),  to  show  the 
genera]  resemblance  of  the  neural  arch  and  the  zygapophyses  to  those  of 
the  Telerpeton. 

Fig.  8.  A  portion  of  sandstone  struck  off  from  the  larger  block  (fig.  9),  in  the 
direction  of  the  plane  of  the  spinal  column.  It  exhibits  the  imprint  of 
the  dorsal  aspect  of  the  skeleton. 

Fig.  9.  Impression  of  the  skeleton  of  Telerpeton  Elginense,  natural  size,  show- 
ing the  outline  of  the  vertebral  column,  ribs,  pelvis,  femora,  tibia;  and 
fibula;,  part  of  the  caudal  series  of  vertebrae,  the  left  humerus,  radius 
and  ulna,  imperfect  traces  of  the  right  anterior  extremity,  and  obscure 
indications  of  part  of  the  cranium. 
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Oh  f  Ae  supposed  Fossil  Eggs  from  the  Devonian  Rock*  of  Forfar- 

shirt. 

In  connection  with  the  announcement  of  the  discovery  of  fossil 
reptiles  in  the  Old  Red  of  Morayshire,  I  would  offer  a  few  remarks 
on  certain  organic  remains  that  occur  in  the  more  ancient  Devonian 
strata  of  Forfarshire,  and  which  are  popularly  termed  "  petrified  black- 

nies,"  and  have  been  considered  by  some  naturalists  to  be  seeds, 
by  others  the  ova  of  gasteropodous  Molluscs, 

These  fossils  are  small,  carbonaceous,  oral  bodies,  more  or  less  de- 
pressed, and  are  figured  by  Sir  Charles  Lyell  with  the  following  ob~ 

r  ations* : — 

"In  the  same  grey  paving-stones  and  coarse  roofing-slates  in 
M  Inch  the  Cephalaspis  occurs,  in  Forfarshire  and  in  Kincardmeshire, 
Hie  remains  of  marine  plants  or  fucoids  abound.  They  are  fre- 
quently accompanied  by  groups  of  hexagonal,  or  nearly  nexaeonal, 
kings,  which  consist  of  small  carbonaceous  bodies  placed  in  a 
flight  depression  of  the  sandstone  or  shale.  These  much  resemble 
in  form  the  spawn  of  the  recent  Natica,  in  which  the  eggs  are  arranged 
in  a  thin  layer  of  sand,  and  seem  to  have  acquired  a  polysoual  form 
by  pressing  against  each  other.  The  substance  of  the  egg,  if  fossilised, 
ht  give  rise  to  small  pellicles  of  carbonaceous  matter.  These  fossils 
1  have  met  with  both  at  the  foot  of  the  Grampians,  north  of  the 
valley  of  Strathmore,  and  in  the  vertical  shale  beneath  the  conglome- 
rate, and  in  corresponding  beds  in  the  Sidlaw  Hills ;  always  occupy- 
ing the  same  situation,  and  without  any  mtermixture  of  shells,  whe- 
ther marine  or  freshwater." 

Several  years  ago  my  attention  was  directed  to  this  subject  from 
having  obtained,  from  some  indurated  mud  thrown  up  from  the 
hot  torn  of  a  long  dried-up  pond  on  Clapham  Common,  a  carbonised 
mass  of  the  ova  of  a  Frog  (Bona  temporaries),  which  so  closely  re- 
bled  the  petrified  eggs  of  Forfarshire,  that  I  suggested  to  Sir 
<  i  rlea  Lyell  the  much  greater  probability  that  the  latter  were  re- 
ferable to  batrachians  than  to  gasteropodous  mollusks ;  but,  although 
the  analogy  was  admitted,  the  fact  that  no  traces  of  reptiles  had  at 
tliat  time  been  discovered  in  any  formation  more  ancient  than  the 
Trias,  was  regarded  as  fatal  to  such  an  interpretation. 

On  receiving  the  fossil  reptile  from  Elgin,  the  idea  of  the  batra- 
diian  origin  of  the  "petrified  blackberries*'  again  recurred  to  my 
mind,  and  from  a  careful  examination  of  all  the  specimens  within  my 

n  h,  and  a  comparison  of  the  fossil  ova  with  those  of  the  Frog  in  a 
i  nrbonixed  state,  I  have  no  hesitation  in  expressing;  my  conviction, 
lhat  if  the  animal  origin  of  the  carbonaceous  bodies  found  in  the 
I  liales  of  Forfarshire  be  proved,  there  is  no  doubt  that  they  are  the 
tiva  of  batrachians  closely  allied  to  the  Ranida  or  Frog  tribe. 

The  fossil  eges  occur  in  clusters  blended  with  the  foliage  of  ap- 
parently fluviame  plants.  Their  forms  are  in  many  instances  well 
<k  tiued,  and  the  polygonal  depressions  or  cells  left  oy  the  bursting 

*  Manual  of  Elementary  Otology,  3rd  edition,  p.  344. 
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and  removal  of  the  ova  are  distinctly  shown ;  and  they  entirely  corre- 
spond with  those  in  the  recent  carbonized  mass  from  Clapham. 

Rg.l.  Slab  of Old  Red  Sandstone, 
Forfarthire,  with  eggt  o/Batra- 
chumt? 

a.  Ova  in  a  carbonised  state. 

b.  Egg  cells;  the ova  baring  been abed. 

Fig.  2.  Eggt  of  the  common  Frog, 
Ran*  temporaria,  from  a  dried- 
up  pond  in  Clapham  Common, 
a.  Portion  of  the  ovary. 
6.  A  transverse  section  of  the  mass  ex- 
bibhing  the  form  of  the  egg-cells. 

Fig.  3. — Devonian  Shale,  Forfarshire,  with  impression  of  Plants 
and  Eggs  of  Batraehians  T. 


a.  Two  pair  of  ova  resembling  those  of  large  Salamanders  or  Tritons  on  the  same  leaf. 

b,  b.  Detached  ova.  c.  Egg-cells  of  Frogs  ? 

[The  use  of  the  above  woodcuts  has  been  kindly  granted  by  Sir  C.  LyelL] 

Associated  with  these  remains  are  small,  oval,  roundish  bodies, 
disposed  singly  or  in  pairs  among,  and  sometimes  adherent  to,  the 
foliage  with  which  they  are  collocated ;  these  fossils  so  strikingly  re- 
semble the  eggs  of  aquatic  Salamanders,  that,  admitting  the  batra- 
chian  character  of  the  specimens  previously  described,  there  is  every 
reason  to  conclude  they  are  the  mineralized  ova  of  reptiles,  which, 
like  the  recent  Tritons,  deposited  their  eggs  on  the  leaves  of  aquatic 
plants. 

Aware  how  startling  such  a  statement  might  appear  to  those  who 
had  not  examined  the  evidence  on  which  it  is  founded,  I  requested 
my  friend  Mr.  Newport,  our  eminent  physiologist,  whose  profound 
investigations  of  the  development  of  the  ova  in  the  Amphibia  have 
recently  received  the  award  of  a  Royal  Medal,  to  allow  me  to  place 
before  nim  the  facts  which  bear  on  this  question ;  and  I  am  permitted 
to  state  that,  after  a  careful  investigation  of  the  fossil  and  recent  ova, 
Mr.  Newport  concurs  with  me  in  the  opinion  that  the  carbonized 
eggs  in  the  Devonian  shales  of  Forfarshire  are  referable  to  Batraehians; 
those  which  are  in  clusters,  and  in  size  and  form  and  arrangement 
resemble  the  spawn  of  the  Frog,  belong  to  Ranida ;  while  the  larger 
ova  that  occur  singly  or  in  pairs,  and  are  attached  to  leaves,  are  pro- 
bably those  of  large  aquatic  Salamanders.    It  may  be  observed  that 
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Sir  Charles  Lyell  remarks,  that  from  the  entire  absence  of  sketU 
in  the  grey  shales  and  slates  that  underlie  the  conglomerate  of  the 
Old  Red  of  Forfarshire,  he  found  no  fossils  so  useful  in  identifying 
the  beds  as  these  ova.  The  Cephalaepis  occasionally  occurs  in  the 
same  strata ;  but,  assuming  these  eggs  to  be  batrachian,  the  remains 
of  fishes  are  absolutely  as  nothing  in  comparison  with  the  myriads 
of  vestiges  of  aquatic  reptiles  that  are  scattered  through  the  Lower 
Devonian  deposits  of  Forfarshire  and  to  the  north  of  Fife. 

Thus,  for  the  first  time,  we  have  obtained  certain  proofs  of  the  ex- 
istence during  the  Devonian  epoch  of  several  orders  of  the  class 
Reptilia,  of  which  (with  the  exception  of  the  supposed  chelonian 
foot-prints  in  the  Lower  Silurian)  no  indications  were  known  in  any 
formation  more  ancient  than  the  Carboniferous. 

In  the  Telerpeton  Elginense  (and  whether  the  original  were  a 
certian  or  a  batrachian  is  of  no  importance  whatever  in  a  geological 
jioint  of  view)  we  have  indisputable  evidence  of  the  presence  of  air- 
breathing  oviparous  quadrupeds,  bearing  a  general  resemblance  to  the 
Lacertians  or  Salamanders  of  modern  times. 

The  quadrupedal  foot-tracks  discovered  by  Capt.  L.  Brickenden — 
according  to  the  accepted  interpretation  of  similar  imprints  by  palse- 

<  otologists — denote  the  existence  of  terrestrial  Chelonians  or  Tor- 
toises contemporaneously  with  the  Telerpeton.  The  ova  in  the 
Juries  of  Forfarshire  carry  back  the  reptilian  fauna  to  a  yet  remoter 
period,  and  afford  presumptive  proof  that  the  rivers  and  streams  of 
the  Devonian  ages  swarmed  with  Frogs  and  Tritons ;  and  the  occur- 
rence of  these  remains  with  those  of  fluviatile  plants,  and  of  ganoid 
fishes  (which,  for  aught  we  know  to  the  contrary,  may,  like  the 
Lepidoetei  of  the  American  rivers,  and  the  Polypteri  of  the  Nile, 
have  been  inhabitants  or  frequenters  of  fresh  water),  together  with  the 
absence  of  shells  and  casts  of  shells,  suggests  the  probability  that  the 
strata  in  which  these  fossils  are  distributed  may  be  of  lacustrine  or 
freshwater  origin. 

I  refrain  from  indulging  in  any  comments  on  the  bearing  of  these 
discoveries  on  the  problems  relating  to  the  successive  appearance  of 
distinct  types  of  organic  life  on  the  surface  of  our  planet,  as  indicated 
by  the  fossil  remains  discovered  in  the  respective  formations ;  yet  1 

<  innot  conclude  without  reminding  the  Society,  that  but  a  few  months 

Iive  elapsed  since  our  late  President,  Sir  Charles  Lyell,  in  his  last 
nniversary  Address,  with  the  view  of  restraining  the  rash  and  hasty 
generalizations  of  those  who  would  fix  the  first  creation  of  each  tribe 
<>f  plants  or  animals,  or  even  of  animate  beings  in  general,  at  the  pre- 
rise  point  where  our  retrospective  knowledge  happens  to  stop,  em- 
phatically remarked  that  "our  acquaintance  with  the  living  creation 
tff  given  periods  of  the  past  must  depend  in  a  great  measure  on  what 
we  commonly  term  chance ;  and  that  the  casual  discovery  of  new 
idealities  rich  in  peculiar  fossils,  may  modify  or  entirely  overthrow  all 
oar  generalizations  which  are  based  on  the  supposed  non-existence  at 
f  ormer  epochs  of  the  fossil  representatives  of  large  families  or  classes 
f  plants  and  animals*." 

*  Quart.  Journ.  Geol.  Soc.  1S5I,  toI.  rii.  p.  lxriii. 
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And  now,  ere  another  Anniversary  has  arrived,  the  casual  researches 
of  two  gentlemen  in  the  Old  Red  Sandstone  of  a  remote  part  of  Scot- 
land have  brought  to  light  memorials  of  the  past  which  establish  the 
existence,  during  the  Devonian  epoch,  of  several  orders  of  a  higher 
class  of  Vertebrata  than  had  previously  been  discovered ;  and  this 
evidence  is  so  complete  and  incontrovertible,  and  affords  such  an  un- 
expected and  striking  confirmation  of  the  truth  and  sagacity  of  the 
salutary  caution  enunciated  by  our  late  President,  that  his  warning 
assumes  the  character  of  a  prediction,  the  fulfilment  of  which  may 
possibly  be  not  very  distant. 

It  Only  remains  for  me  to  express  my  warmest  thanks  to  my  friend 
Capt.  L.  Brickenden,  and  to  Mr.  Patrick  Duff,  for  enabling  me  to 
have  the  pleasure  and  privilege  of  communicating  to  the  Geological 
Society  an  account  of  one  of  the  most  interesting  and  important 
discoveries  in  British  Palaeontology  which  it  has  ever  been  my  good 
fortune  to  record. 

Chester  Square,  November,  1851. 


2.  Notice  o/ Fossil  Bones  at  Portland.   By  Mr.  A.  Neale. 

[From  a  Letter  to  the  Sec.  G.S.] 

In  making  a  road  for  the  conveyance  of  stone  for  the  construction  of 
the  Breakwater  at  Portland,  a  cutting  has  been  opened  to  the  depth 
of  about  30  feet  from  the  surface  of  the  island,  which  is  here  about 
400  feet  above  the  sea-level.  The  rock  (here  covered  by  a  super- 
ficial deposit,  which  is  red  below  and  darker  at  the  top)  is  extensively 
fissured  in  every  direction,  the  cracks  being  from  1  to  6  inches  wide, 
and  occupied  by  a  deposit  differing  from  the  superincumbent  soils. 
The  rock  also  is  here  traversed  by  a  cleft,  10  feet  wide,  running  in  a 
S.W.  and  N.E.  direction,  and  containing  large  round  black  blocks  of 
stone,  fragments  of  bone,  and  teeth*,  imbedded  in  a  black  sand. 


3.  On  the  Sub-escarpments  of  the  Ridgway  Range,  and  their 
Contemporaneous  Deposits  in  the  Isle  of  Portland,  By 
Charles  Henry  Weston,  Esq.,  Barrister-at-Law,  B.A.  Cantab., 
F.G.S. 

[The  reading  of  this  Paper  in  full  was  deferred  until  the  next  Evening  Meeting.] 


*  A  molar  tooth  of  a  Horse  from  this  deposit  was  forwarded  with  the  letter. 
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January  21,  1852. 

The  following  communications  were  read : — 

^n  the  Sub-escarpments  of  the  Ridgway  Range,  and  their 
Contemporaneous  Deposits  in  the  Isle  of  Portland.  Bj 
Charles  Henry  Weston,  Esq.,  Barrister-at-Law,  B.A.  Cantab. 

F.G.S. 

Since  I  had  the  honour  of  presenting  to  the  Geological  Society  some 
remarks  on  the  nature  and  superposition  of  the  formations  at  Ridg- 
xvjiy  *,  I  have  had  another  opportunity  of  examining  that  locality,  and 
ihv  following  are  the  conclusions  to  which  I  hare  been  led. 

1.  That  the  entire  Talley  of  Upway,  although  disturbed,  is  yet  one 
of  denudation  and  not  a  synclinal  trough,  as  hitherto  considered. 

II.  That  the  section  of  the  Ridgway  cutting  f  exhibits,  more  or 
less,  the  normal  structure  of  the  whole  range. 

III.  That  my  views  respecting  the  extension  of  the  Purbeck  group 
t<>  the  most  westerly  limits  of  the  Corton  Hill  %  and  Whaddon  Ridge, 
have  been  confirmed ;  and 

IV.  That  the  same  Formation,  on  the  other  side  of  the  great  anti- 
clinal axis  of  this  district,  does  not  terminate  at  the  centre  of  the  Isle 
of  Portland,  but  exists  also  at  the  Bill,  its  most  southerly  point. 

Before  entering  upon  the  subjects  under  consideration,  it  will  be 
neocesary  to  bear  in  mind  that  the  elevated  land  of  Ridgway  bounds 
the  Upway  Valley  on  the  north  side,  and  is  composed  of  local  patches 
of  tertiary  deposits,  and  of  chalk  and  sreensand,  with  subjacent 
i  den  and  Upper  Oolite ;  while  parallel  to  this,  on  the  south 
side,  ranges  a  steep  Hogsback,  consisting  of  the  Purbeck  and  Upper 
Oolitic  groups  only.  This  southern  ridge,  although  evidently  once 
continuous,  is  now  cut  through  by  transverse  gorges  and  ▼alleys,  (See 
Map,  fig.  I)  resulting,  as  the  geological  features  of  the  country  seem 
la  indicate,  from  long-continued  action  of  the  then  existing  sea. 

The  following  selected  sections  on  the  southern  sub-escarpment  will 
It?  sufficient  to  convey  an  idea  of  the  internal  structure  of  this  range. 
They  commence  a  little  east  of  the  railway  embankment,  and  are  to 
bi-  found  as  we  proceed  westward  to  its  termination  near  Portisham. 

1$.  Portland  Oolite (mth Ammonites sndTrigonia):  doubte — 
One  to  N.byW.  at  the  high  angle  of  40°,  and  the  other  to  N.E.  by 
K  at  20°.   The  valley  in  parts  cut  down  to  the  Portland  sand. 

2.  The  Purbeck  and  Portland  formations  are  here  brought  into 
i    reposition,  as  shown  in  the  diagram,  fig.  2. 

3*  Crest  of  hill.— Purbeck :  dip  to  N.N.E.  at  20°.  Upway  Valley 
14 1  patently  cut  down  to  the  Portland  oolite. 

4*  Crest  of  hill. — Purbeck :  dip  to  N.byE.  at  20°. 

*  Quart.  Joora.  GeoL  Soc  tel.  iv.  p.  245,  and  toL  v.  p.  317. 
t  See  alto  Quart.  Jonra.  GeoL  Soc.  toL  it.  p.  249. 
:  Quart.  Journ.  GeoL  Soc  voL    p.  318. 

I  The  numbers  refer  to  the  sections  marked  on  the  grotmdVplaa  of  the  district, 
i  'ii  u  the  Map,  fig.  1. 
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5.  At  a  lower  level  than  sections  3  and  4. — Portland  oolite :  dip 
to  N.  by  E.  at  20°. 

6.  At  a  lower  level  than  No.  5,  at  Corton  Gorge. — Base  of  Port- 
land  oolitei  dip  to  N.  by  £.  at  12°.  Portland  sand  is  exposed 
below. 


7.  Corvates  Gorge. — Strata  denuded  to  the  commencement  of  the 
Kimmeridge  clay.  No  Purbeck  appears  on  the  crest  of  the  hill  for 
some  distance.    Portland  oolite:  dip  to  N.  at  10°. 
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8.  Crest  of  hill.— Purbeck :  dip  to  W.  at  5°. 

9.  Crest  of  hill.— Purbeck  (2  quarries)  :  dip  to  N.E.,  5°-10°. 


Fig.  2.— The  Fault  seen  at  Sect.  2. 


Observations  on  the  sections  of  the  southern  sub-escarpment. 

1.  Shows  not  only  the  greatest  inclination  of  strata  in  a  direction 
generally  common  to  the  entire  ranee,  but  also  a  co-existing  dip  to 
the  £.   This  section  exhibits  a  local  subsidence. 

1  to  9.  Show  in  the  aggregate  a  gradual  decrease  of  dip  from  E. 
to  W.,  evidencing  sect.  1.  as  marking  the  region  of  the  greatest  dis- 
turbance (see  fig.  9). 

2.  Shows  a  downcast  fault ;  an  examination,  however,  of  the  whole 
range  leads  to  the  conviction  that  this  is  not  the  result  of  disturbance, 
strictly  so  called,  but  rather  of  a  slip  occasioned  by  the  subtraction 
of  part  of  the  Kimmeridge  clay  (on  which  the  hill  is  based),  by  the 
action  of  the  then  contiguous  sea.  This  forms  one  of  the  indications 
before  alluded  to,  of  the  continued  nature  of  the  water-action  then  in 
operation. 

5.  In  this  quarry,  amidst  the  lines  of  black  flinty  masses,  which 
so  characterize  the  Portland  oolite,  I  found  wood  partly  silkified  and 
partly  retaining  carbonaceous  matter,  as  well  as  the  remains  of  a  tree, 
apparently  exogenous,  about  18  inches  in  diameter. 

2  to  9.  Show  that  wherever  the  crest  of  this  entire  southern  ridge 
has  not  been  denuded,  the  Purbeck  is  found  resting  conformably 
upon  the  Portland  oolite  as  far  as  its  most  westerly  Hunt. 

The  western  extremity  of  the  valley  has  very  little  depth  and  rather 
merges  in  the  hills.  In  denudation,  we  may  consider  the  vallev  as 
affected  to  the  Purbeck  in  the  west ;  further  east,  to  the  Portland 
oolite ;  and  at  section  1,  to  the  Portland  sand ;  t.  e.  it  appears  to 
deepen  progressively  from  west  to  east ;  this  is  illustraxed  bv  the  ac- 
companying diagrams  (figs.  3,  4,  5,  and  6).  Sections  6  and  7  do  not 
negative  this  conclusion,  because  these  refer  to  the  N .  and  S.  transverse 
gorges,  and  not  to  the  great  Upway  Valley  at  right  angles  to  them. 

We  have  now  to  examine  the  base  of  the  chalk-range  on  the  north 
side  of  the  Upway  Valley,  and  I  shall  subjoin  (in  brief)  such  sections 
as  are  necessary  to  render  intelligible  its  stratigraphical  details,  taking 
an  opposite  direction,  from  west  to  east,  and  ending  on  the  east  at 
the  farmhouse  north  of  section  1 . 

10.  Purbeck*  containing  apparently  Cyrena  or  Cyclas :  dip  not 
risible. 
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11.  Purbeck:  dip  to  N.  at  12°. 

12.  Purbeck :  dip  to  N.N.E.  at  12°. 

13.  (N.  of  Upway  Church)  Purbeck :  dip  to  N.E. 


Figs.  3,  4,  and  5. — Transverse  Sections  of  the  Upway  Valley  at  three 
different  points  along  its  extent  (see  Fig.  6,  and  the  Map, 
Kg.  1). 

Fig.  3. — The  denudation  reaching  to  the  Purbeck  beds. 


Fig.  4. — The  denudation  reaching  to  the  Portland  Oolite. 

S.S.W.      Upway  Valley.  N.N.E. 


c     d  t 


Fig.  5. — The  denudation  exposing  the  Portland  Sand. 

Upway  N. 
9.  Valley. 


«.  Portland  Sand. 
4.  Portland  Oolite. 
e.  Purbeck  beds. 


d.  Hastings  Sand  and  Clay. 

e.  Chalk. 


W.b.  N. 

Purbeck: 
(fig.  a.; 


Fig.  6. — Longitudinal  Section  of  the  Upway  Valley. 
Length  about  3£  miles. 


Portland  Oolite, 
(fig.  4.) 


E.  b.  S. 
Portland  Sand. 

(fig.  5. 


Lerel. 

A  B,  the  valley  from  N.  of  Whaddon  to  a  little  W.  of  the  Farmhouse. 

14.  (N.  of  13)  Purbeck  :  with  the  dip  reversed. 

15.  (N.  of  14)  Purbeck :  dip  to  S.W.  at  12°. 

16.  (N.  of  15)  Two  quarries  of  Purbeck :  dip  to  S.E.  at  22°. 

17.  (N.  of  16)  Chalk :  dip  to  N.by  W.  at  8**. 

*  I  did  not  see  this  quarry  in  1847  ;  but  this  dip  of  the  chalk  to  the  N.  is  quite 
in  accordance  with  the  views  I  then  took  of  the  inclination  of  the  whole  chalk 
range  to  the  N. 

VOL.  VIII.  PART  I.  1 
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R«l<rw»y  Range. 


I 


Sect.  17. 


FenI 


i 


The  annexed  diagram,  fig.  7,  will  give  the  general  bearing  of  the 
N  i  and  S.  line  of  sections  14,  15, 1 6,  and  17,  and  also  their  relation  to 
3,  on  the  S.  side  of  the  valley,  before  detailed. 

In  this  section  I  have  inserted  the 
z  Hastings  sand  (d)  hypothetically.  I 

a  found  on  the  north  of  the  Porbeck 
g  sections,  and  between  the  Porbeck 
v  and  the  Chalk,  a  slight  depression 
of  the  surface,  watered  by  a  streamlet 
and  boggy.   It  seems,  therefore,  Terr 
^  probable,  looking  at  the  stratigraphi- 
§  cal  details  of  the  locality,  that  there 
has  been  a  severance  of  the  Porbeck 

J and  the  overlying  formation,  giving 
rise  to  this  flow  of  water ;  and  the 
[  |  bogey  state  of  the  ground  would  also 
I  mark  an  argillaceous  deposit,  which 
k  is  the  character  of  that  portion  of  the 
"*  Hastings  sand  above  the  Purbeck,  in 
the  same  relative  position  one  mile 
further  east  at  Ridgway. 
j  i      18.  (E.  of  last  section)  Purbeck : 
'  ■*  dip  to  N.  by  E.  at  6°,  and  so  in  the 
|  next  field  as  far  as  it  could  be  made 
out. 

19.  (E.  of  old  Ridgway  road)  Pur- 
beck: dip  to  W.N.W.  at  5°. 

20.  Purbeck  :  dip  to  N.N.W. 

21.  Portland  :  dip  to  N.  by  E.  at 
15°  to  20°. 

22.  Purbeck :  dip  to  N.  by  E.  at 
30°. 

sec*.  a  m      23-  Purbeck :  dip  55°. 

!■■  '}•!        *°  Observation*  on  the  sections  of  the 
Range  N.  of  the  Valley. 

10  to  12.  Show  the  west  part  of 
the  valley  to  possess  great  regularity 
of  dip  (to  the  N.). 

14  to  16.  Lead  in  this  case  to  the 
inference  of  the  subsidence  of  the 
strata  at  Upway,  resulting  from  a 
local  fracture  of  the  Porbeck  on  its 
general  upheaveraent. 
19.  Shows  to  the  observer  of  this  large  quarry  a  dip  towards  the 
old  Ridgway  road, — a  dip  which  here  coincides  in  a  great  degree 
with  the  natural  dip  of  the  country. 

2 1  and  23.  Show  an  alteration  in  the  direction  of  the  dip  with  an 
hit  Unation  increasing  to  the  E.,  and  reaching  its  maximum  at  sec- 
tion 23. 


Sect.  U 


UpwmyC 


i 
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23.  Besides  the  dip  to  the  N.,  this  section  points  to  a  fall  of  the 
strata  coinciding  with  the  surface-dip  of  the  country. 

General  deductions  to  he  drawn  from  the  sections  unitedly. 

These  in  the  aggregate  (with  few  exceptions)  give  on  both  sides  of 
the  valley  a  dip  to  the  N.,  and  even  the  apparently  anomalous  sections 
(14,  15,  and  16)  do  not  in  any  way  affect  the  main  question,  because 
the  strata  of  that  part  of  the  Purbeck  series  which  really  forms  the 
Upway  Valley,  have  the  same  normal  bearing.  The  local  subsidence 
of  the  strata  lies  in  fact  beyond  the  limits  of  the  valley. 

The  Purbeck  beds  have  been  shown  to  crop  out  along  the  base  of 
the  northern  range,  and  then  to  cap  the  southern,  just  in  the  natural 
direction  of  the  strata  when  they  were  continuous. 

The  capping  consists  of  outliers  of  the  Ridgway  Purbeck  beds, — 
or  rather,  is  an  almost  unbroken  extension  of  those  beds  from  Upway 
to  the  termination  of  the  Portland  range  at  Portisham. 

The  valley  does  not  present  any  symptoms  of  longitudinal  disturb- 
ance, but,  as  far  as  observation  extends,  discloses  in  its  hollow  such 
different  parts  of  the  Wealden  and  Upper  Oolitic  rocks  as  we  should 
a  priori  expect  to  find. 

We  may  therefore  infer  conclusively  that  the  strata  of  the  Upway 
Valley  have  been  cut  down  to  their  present  level  by  aqueous  abrasion. 
The  valley  is  strictly  a  valley  of  denudation. 

The  general  evidence  of  all  the  sections  and  the  vertical  section 
right  across  the  valley,  given  under  sect.  17,  concur  in  proving  that 
the  great  section  of  the  Kidgway  cutting  (fig.  8)  may  be  considered 
a  type  of  the  common  structure  of  the  Upway  Valley. 

Sect.  23  [not  on  the  map, — it  is  to  the  S.  of,  and  close  by,  the 
farmhouse]  is  N.  of  sect.  1,  and  these  two  have  a  coincident  dip 
forming  the  depression  near  the  farm-house.  This  depression  I  found 
barometrically  to  be  about  60  feet  below  the  level  of  the  same  strata 
in  the  Ridgway  cutting.  Sections  19  and  1  show  also  dips  in  oppo- 
site directions,  so  that  sect.  19,  together  with  1  and  23,  indicate  re- 
spectively the  W.  and  E.  extremes  of  a  geological  arch,  and  point 
to  the  £.  part  of  the  valley  as  a  locality  of  disturbance.  The  de- 
pression near  the  farm  is  therefore  what  I  hesitatingly  suggested  in 
1848,  "not  merely  external,  but  essentially  connected  with  the  stra- 
tification below." 

Kg.  9. — Diagram  showing  the  arched  strata  between  the  old  Ridg- 
way Road  and  the  Farmhouse,  and  exhibiting  the  region  of 
the  greatest  disturbance  at  the  base  of  the  Ridgway  Range. 

n.n.w.  s.s.E. 

Old  Road.  South  of  Farmhouse. 

(Sect.  190  C  (Sect.  23.) 

A. 


Level.  B 
The  are,  A  C  B,  approximately  represents  the  arched  strata  of  Purbeck,  and  the 
chord,  A  Bf  the  relative  difference  of  level  of  the  two  extremes.  B  therefore 
shows  the  local  subsidence.  The  flexure  of  the  strata,  as  stated  in  the  details 
already  given,  increases  from  A  to  C,  and  then  in  a  more  rapidly  increased  ratio 
from  C  to  B. 

i  2 
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We  must  now  refer  to  the  contemporaneous  Purbeck  beds  in  the 
Isle  of  Portland. 

Former  sections*  have  shown  that  the  Isle  of  Portland  dips  away  to 
the  S.,  so  that  the  high  escarpment  on  the  N.  diminishes  to  a  mural 
cliff,  very  little  elevated  above  the  sea-level,  at  the  Bill.  This  ex- 
tremity I  examined  for  the  express  purpose  of  determining  whether 
my  suspicions  of  the  extension  of  the  Purbeck  so  far  South,  which 
my  hurried  visit  in  1847  had  led  me  to  entertain,  were  correct  or 
fallacious ;  and  I  now  found  on  its  western  side  an  unequivocal  section 
of  the  junction  of  the  marine  and  freshwater  strata,  as  in  the  accom- 
panying sketch. 

Fig.  \0.Section  of  part  of  the  Cliff  at  the  Bill  of  Portland. 


6.  Alternation*  of  terrestrial 
and  freshwater  f 


Portland, 
(Trigvni*,  Peettnea,  &c.) 


No.  1  is  the  Portland  formation.  It  is  quarried  down  to  nearly 
high- water-mark,  and  abounds,  from  the  lowest  portions  to  within  a 
short  distance  from  its  junction  with  No.  2,  with  remains  of  marine 
lamellibranchiate  molluscs.  The  beds  which  are  immediately  below 
the  Purbeck  in  the  northern  part  of  the  island,  are,  on  the  other  hand, 
equally  marked  by  a  profusion  of  gasteropodous  molluses. 

No.  2.  This  stratum  is  not  very  decidedly  separated  from  No.  1, 
and  its  equivalent  in  the  quarry  containing  such  numerous  casts  and 
impressions  of  gasteropods  is  hthologically  a  bond  fide  portion  of  the 
subjacent  and  unquestionable  marine  deposit.  The  strata  1  and  2 
appear  in  situ  to  have  been  continuous  and  of  common  origin.  Prof. 
E.  Forbes  has,  however,  in  his  valuable  paper  "On  the  succession  of 
strata  in  the  Dorsetshire  Purbecksf,"  clearly  proved  that  there  is  no 

*  Trans.  GeoL  Soc.  2nd  Series,  vol  iv.  pL  2. 

t  Rep.  Brit.  Assoc.  1850,  Transact.  Sect.  p.  79.  Edinb.  New  Phil.  Journ.  vol.xlix. 
1850,  p.  311. 
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passage  from  the  Portland  into  the  Purbecks ;  that  "  the  top  beds  of 
the  Portland  stone  are  purely  marine,  and  the  lowermost  beds  of  the 
Purbeck  are  purely  fresh  water,  containing  Cypride*,  Fafoatm,  Ac." 
The  true  nature  of  No.  2  consequently  involved  the  questions  of  the 
gradual  or  abrupt  succession  of  the  Purbeck  EToup— whether  the 
dirt-bed  (No.  3)  reposed  directly  upon  the  Portland  Oolite,  or 
whether  here,  as  elsewhere,  there  was  a  freshwater  bed  intercalated 
between  the  lowest  dirt-bed  and  the  Portland.  This  case  could  alone 
be  decided  upon  by  palseontolosical  evidence,  and  Prof.  £.  Forbes  most 
kindly  undertook  to  examine  the  fossils.  "  After  a  close  examination 
of  the  specimens  sent  (writes  Prof.  F.),  my  impression  is  that  they 
are  of  freshwater  origin,  and  belong  to  the  lowest  beds  of  the  Pur- 
beck series,  and  contain  Falvata  and  Cyrena." 

I  have  consequently  marked  No.  2  as  Purbeck ;  the  apparent  dis- 
crepancy between  the  mineral  and  fossil  evidence  thus  adduced  may 


It  will  be  seen  that  the  beds  (4  and  6)  were  either  originally  formed, 
or  (subsequent  to  their  deposition)  structurally  modified,  by  chemical 
forces ;  No.  2  has  also  a  compact  and  subcrystalline  texture  indicating 
similar  chemical  influences.  Now  it  is  very  easy  to  conceive  that  after 
the  elevation  of  the  Portland  oolite  above  the  sea,  the  Purbecks  may  have 
been  forming  upon  the  yet  vnindurated  surface  of  the  Portland,  and 
that  after  the  deposition  of  the  beds  exhibited  in  the  section  the  per- 
meating gases,  absorbed  by  water,  could  not  only  impart  to  No.  2  its 
subcrystalline  character,  but  convert  and  cement  the  lowest  Purbeck 
and  the  uppermost  Portland  (both  calcareous  rocks)  into  one  homo- 
geneous boay  The  induration  of  aqueous  strata,  depending  as  it  does, 
not  merely  upon  the  absorption  of  carbonic  acid  gas,  but  (among  other 
things)  upon  the  loss  of  watery  particles,  could  not  have  proceeded 
while  the  upper  oolites  remained  submerged,  and,  as  we  know  not 
what  period  elapsed  between  the  formation  and  elevation  of  the  Port- 
land, the  view  I  have  suggested  is  not  at  all  incompatible  with  that 
evolution  of  time  which  must  have  occurred  between  the  Oolitic  and 
Wealden  eras. 

3  and  5.  These  are  true  dirt-beds,  and  fossilised  trees  have  been 
found  in  them. 

4  and  6.  These  Purbeck  beds  appear  to  me  to  have  been  originally 
formed  by  deposition  from  water  charged  with  carbonic  acid  gas. 
They  are  decidedly  tufaceous. 

As  I  did  not  procure  positive  evidence  of  either  the  fresh  or  brack- 
ish water  character  of  these  beds,  I  have  marked  them  accordingly. 
Most  probably,  however,  they  will  prove  to  be  freshwater. 

6.  This  bed  has  carbonaceous  alternations  at  the  upper  part,  show- 
ing on  a  minute  scale  the  oscillations  of  the  then  existing  surface 
duringshorter  intervals  of  time. 

7.  This  remarkable  bed  consists  of  beach-pebbles  (with  a  few 
chalk-flints),  rounded  by  continued  sea-action.  The  quarryman  said 
it  extended  about  \  mile  North  of  the  Bill. 

It  is  to  be  remarked  that  the  surface  of  the  island,  when  carefully 
examined,  does  not  dip  regularly  down  towards  the  South,  tike  an 
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inclined  plane,  but,  after  passing  Weston  (see  fig.  11),  the  surface 
rather  sinks  down  by  terraces  to  the  Bill,  so  that  streams  are  con- 
stantly flowing  to  the  South  from  the  bassett-edges  of  the  Lower  Pur- 
Fig.  11. — Longitudinal  Section  of  the  Isle  of  Portland. 


1.  Kimmeridge  Clay.        2.  Portland  Sand.        3.  Portland  Oolite.        4.  Parbeck  beds. 


beck  strata.  These  features  have  doubtlessly  resulted  from  partial 
denudation.  The  superficial  covering  of  beach-pebbles  proves  a 
co-existing  and  co-extensive  sea,  and  their  rolled  character  equally 
points  out  the  long  period  during  which  the  sea  must  have  acted  on 
the  Southern  part  of  the  island.  But  the  local  extent  of  the  beach 
seems  also  to  show  that  the  Northern  portion  of  the  island  was  stand- 
ing fully  emerged  from  the  ocean,  while  the  Southern  was  still  under 
its  influence.  May  we  not,  therefore,  infer  from  these  premises  that 
the  Island  of  Portland  has  experienced  an  elevatory  movement  sub- 
sequent to  that  which  it  felt  m  common  with  the  whole  Weymouth 
district  ?  For,  as  by  the  protrusion  of  the  great  boss  of  Forest  Marble 
the  Northern  extremity  of  the  island  was  tilted  up,  leaving  the  Southern 
portion  a  littoral  region,  so  there  must  have  been  a  second  upheave- 
ment,  by  which  the  Southern  part  was  elevated  and  enabled  to  carry 
up  to  its  present  height  on  the  shoulders  of  the  Purbeck  the  beach- 
pebbles  of  the  bed  No.  7,  fig.  10. 

We  have  seen  that  the  Purbeck  formation  does  not  stop  at  the 
centre  of  the  island,  as  hitherto  considered,  but  exists  also  at  its  most 
Southern  extremity ;  and  I  believe,  from  the  specimen  of  fossilized 
wood  which  I  saw  near  the  Government  Railway  on  the  N.E.  side  of 
the  island,  and  which  I  was  told,  on  good  authority,  came  from  a 
neighbouring  quarry,  and  from  the  nature  of  the  ground  over  which 
I  walked  on  my  way  to  the  Bill,  that  the  Purbeck  will  ultimately  be 
found  to  be  co-extensive  with  the  entire  subjacent  Portland  oolite. 

In  conclusion,  I  would  observe  that  the  Isle  of  Portland  affords 
an  instructive  view  of  the  rise  of  rivers,  and  may  enable  us  to  specu- 
late upon  the  real  geological  locality  of  the  river  Wey  at  Upway. 

In  Portland  we  have  confessedly  a  mass  of  land  completely  isolated, 
and  yet,  on  proceeding  Southward  beyond  Weston,  we  find,  as  already 
noticed,  copious  springs.  It  will  be  evident  by  a  reference  to  a  sec- 
tion of  that  island  (see  fig.  11),  that  these  springs  could  not  possibly 
have  a  source  beyond  the  North  escarpment,  both  from  the  structure 
and  the  stratification  of  Portland ;  and  yet  we  see  that  this  limited 
region,  with  the  acknowledged  laws  of  the  atmosphere  and  caloric  in 
relation  to  capacity  for  absorption  of  moisture,  affords  an  ample  appa- 
ratus for  the  production  of  perennial  streams  by  unceasing  conden- 
sation of  aqueous  moisture. 

Now  the  River  Wey  wells  up  from  the  Portland  Oolite  at  the  North 
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base  of  the  Corton  range,  at  Upway,  and,  while  the  rise  is  indeed 
from  several  spots,  a  careful  observer  may  remark  that  many  of  these 
spots  lie  in  straight  lines,  following,  as  I  conceive,  the  lines  of  strati- 
fication. This  range  too,  although  inland  and  apparently  connected 
with  contiguous  hills  and  valleys,  is  nevertheless  geologically  as  iso- 
lated as  the  Isle  of  Portland ;  and  as  we  know  its  longitudinal  termi- 
nations, its  inclination  of  strata  dipping  towards  the  Upway  Valley 
iit  which  the  river  rises,  and  its  hign  and  abrupt  escarpment  towards 
the  channel,  we  can  have  no  hesitation  in  considering  (after  what  has 
been  observed  in  Portland)  that  the  source  of  the  River  Wey  is  con- 
nected with  the  Corton  range  exclusively. 

Lastly,  as  the  Corton  range  did  not  receive  its  present  physical 
fV  mures  until  the  Tertiary  age,  it  is  evident  that  tfce  present  Oliver 
Wey  has  been  only  called  into  existence  during  that  comparatively 
recent  geological  period. 


2+  On  the  "  Quartz  Rock  "  of  MacCulloch's  Map  of  Scot- 
land.  By  Daniel  Sharpe,  Esq.,  F.R.S.,  V.P.G.S. 

Among  the  many  Formations  of  Scotland  which  are  still  involved 
tn  obscurity,  Quarts  Rock  causes  the  greatest  trouble  to  geologists 
imploring  that  country;  and  yet  the  obscurity  does  not  arise  from 
ne  glect.  Dr.  MacCulloch  published  a  paper  on  the  subject  in  the 
m  trond  volume  of  our  Transactions,  devoted  a  chapter  to  it  in  his 
erly  work  on  the  Western  Isles*,  described  and  arranged  all  its 
\  Eiricties  in  his  "  Classification  of  Rocks,"  and  laid  it  down  as  a  aepa- 
t^v  formation  on  the  geological  man  of  Scotland ;  but  he  left  the 
subject  in  a  state  of  confusion  whicn  it  will  require  much  labour  to 
ri'  ar  up.  The  difficulty  has  arisen  from  relying  exclusively  on  mine- 
rs logical  definitions,  ana  classing  ail  rocks  composed  of  certain  mineral 
constituents  as  members  of  one  formation,  without  regard  to  their 
origin  or  geological  age.  Thus  a  rock  resulting  from  plutonic  action 
upon  stratified  sandstone  has  been  confounded  with  another  which  is 
p  (i logically  undistinguishable  from  gneiss,  because  they  both  consist 
"i  quartz  and  mica,  quartz  and  felspar,  or  some  other  arbitrarily  de- 
fined compound. 

Although  by  no  means  in  a  position  to  class  under  their  proper 
s  all  the  quartz-rocks  of  the  Highlands,  I  trust  that  I  shall  be 
lining  good  service  if  I  can  determine  correctly  the  geological  position 
ut  part  of  them,  and,  by  calling  attention  to  the  others,  induce  ob- 
MTvcrs  to  examine  those  districts  which  I  have  not  been  able  to  visit, 
v,  th  the  view  to  settling  the  age  and  origin  of  the  various  deposits  of 
this  rock. 

Mr.  Cunningham  is  the  only  author  I  have  met  with  who  has  done 
i  >  thing  to  clear  up  the  confusion  in  which  MacCulloch  left  this 
subject.  In  his  excellent  "  Geoenostical  Account  of  Sutherland  t  "  he 
fl?  scribes  the  quartz-rock  of  that  county  as  so  connected  and  alter- 

*  Vol.  u.  p.  215. 
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noting  with  quartzose  conglomerate  and  limestone,  that  they  constitute 
together  one  deposit  which  he  ealls  the  "  Quartz-series."  This  series 
is  overlaid  by  red  sandstone,  and  itself  overlies  the  red  sandstone  of 
Assynt.  Mr.  Cunningham  regards  all  the  limestones  of  the  west  of 
Sutherland  as  belonging  to  the  Quartz-series,  and  he  states  that  the 
great  mass  of  limestone  of  Assynt  underlies  the  quartz-system  of  Ben 
More,  and  overlies  that  of  Canisp*.  From  the  remarks  of  this  ex- 
cellent observer,  we  may  safely  conclude  that  the  quartz-rock  and 
limestone  of  the  west  of  Sutherland  are  part  and  parcel  of  the  Old 
Red  Sandstone  Formation,  with  which  it  is  thus  intimately  con- 
nected. 

I  have  mentioned  in  my  paper  "  On  the  Southern  Border  of  the 
Highlands"  (see  p.  128)  that  the  limestone  of  Aberfoyle  is  associated 
with  beds  of  quartz-rock  in  the  midst  of  a  formation  of  red  conglo- 
merate which  preserves  its  original  character  both  above  and  below 
the  metamorphic  beds  of  quartz:rock.  This  is  analogous  on  a  small 
scale  to  the  larger  phenomena  of  Sutherland  described  by  Mr.  Cun- 
ningham. The  explanation  is  easily  found :  the  limestone  acting  as 
a  flux  assisted  the  reduction  of  the  beds  with  which  it  was  in  contact, 
which  were  altered  into  quartz-rock,  while  the  beds  below,  being  less 
fusible,  retained  nearly  their  original  characters,  although,  from  being 
nearer  to  the  source  of  heat,  they  were  probably  exposed  to  a  higher 
temperature  than  the  upper  beds  which  we  find  altered.  Similar  su- 
perpositions of  altered  upon  unaltered  beds  have  been  described  by 
various  authors,  and  the  principle  is  now  familiar  to  us. 

To  return  to  the  north-west  of  Scotland.  It  will  be  seen  in  Mac- 
Culloch's  map  of  Scotland  that  large  masses  of  quartz-rock  extend  in 
a  broken  line  from  Sutherland  down  the  west  of  Ross-shire  into  Skve, 
either  separating  the  Old  Red  Sandstone  from  the  Gneiss,  or  forming 
detached  outliers  on  the  Gneiss ;  and  beds  of  limestone  are  marked  in 
several  places  on  that  side  of  these  masses  of  quartz-rock  which  is 
nearest  to  the  Gneiss,  that  is  to  say,  in  the  lower  portion  of  them. 
Their  position  is  so  analogous  to  that  of  the  quartz-rock  of  Suther- 
land, that  we  may,  without  danger,  regard  them  as  continuations  of 
it,  and  class  them  in  the  Old  Red  Sandstone.  I  had  an  opportunity 
of  confirming  this  view  with  regard  to  the  hills  of  quartz-rock  at  the 
head  of  Loch  Maree,  which  are  part  of  the  line  in  question.  The 
lower  part  of  these  hills  consists  of  a  series  of  thin-bedded  quartz-rock, 
separated  by  layers  of  micaceous  schist,  with  a  dip  of  S.E.  15°,  and 
overlaid  by  a  great  thickness  of  semi-granular  quartz-rock  without 
mica,  dipping  S.  30°.  The  granular  structure  of  the  upper  portion 
of  quartz-rock  shows  it  to  have  been  originally  a  sandstone,  since  al- 
tered by  plutonic  action,  and  its  position  relatively  to  the  Old  Red 
Sandstone,  at  the  foot  and  sides  of  the  same  lake,  which  is  in  many 
places  partially  altered  into  quartz,  and  which  forms  hills  almost  con- 
tinuous with  those  of  the  quartz-rock,  left  me  no  doubt  that  the  two 
belonged  to  the  same  formation.  The  lower  portion  of  the  quartz- 
rock  admits  of  more  doubt.  It  has  no  distinct  granular  character, 
and  from  its  alternating  with  thin  beds  of  micaceous  schist  cannot  be 
*  Op,  cit.  pp.  92,  93,  and  94. 
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(list  r  -  j^oiahed  from  gneiss,  to  which  formation  I  believe  that  it  belongs. 
The  want  of  conformity  between  the  two  portions  makes  this  view 
more  probable ;  but  I  leave  the  point  doubtful,  since  I  met  with 
quartz-rock  elsewhere  of  truly  sedimentary  origin,  in  which  the  beds 
were  separated  by  thin  beds  of  a  micaceous  schist. 

I  also  examined  several  portions  of  the  great  deposit  of  quartz-rock 
which,  reaching  from  Braemar  to  Blair  Athol,  forms  an  important 
part  of  the  range  of  the  Grampians.  In  the  neighbourhood  of  Castle- 
ton  Braemar,  MacCulloch  has  laid  down  in  the  gneiss  several  patches 
of  limestone  nearly  on  the  same  line  of  strike  as  that  of  Glen  Tilt, 
which  is  mapped  as  separating  quartz-rock  from  granite.  But  the 
limestones  of  Castleton  have  in  reality  no  connexion  with  the  gneiss ; 
they  occur  in  the  quartz-rock  about  100  or  200  feet  above  its  base. 
Hie  lower  members  of  the  quartz-rock,  consisting  of  beds  of  granular 
uuartz,  separated  by  thin  beds  of  micaceous  schist,  have  been  mistaken 
tor  gneiss,  to  which  they  are  quite  unconformable ;  and  the  gneiss  is 
represented  as  covering  far  too  large  a  surface  of  the  country.  The 
cot  i  tort  ions  of  the  folia  of  gneiss,  and  their  steeper  inclination  contrast 
with  the  regularity  and  comparative  horizontality  of  the  quartz-rock, 
making  it  easy  to  separate  them ;  and  the  stratified  structure  of  the 
limestone  completes  the  evidence  of  the  sedimentary  nature  of  the 
formation  of  quartz-rock  of  which  it  is  a  part. 

There  are  here  between  20  and  30  feet  of  limestone,  more  or  less 
mixed  up  with  siliceous  grains,  and  consisting  of  well-marked  beds, 
tlj 1 1 'led  by  light  and  dark  grey  bands,  parallel  to  the  bedding.  In 
the  immediate  neighbourhood  of  Castleton,  the  limestone  and  the 
bed*  of  quartz-rock,  with  which  it  is  associated,  have  been  disturbed 
md  broken  up  by  the  eruption  of  a  mass  of  granite,  on  which  the  old 
castle  of  Mar  stands ;  hence  there  appear  to  be  several  beds  of  lime- 
stone, which  are,  however,  all  parts  of  one  bed.  The  same  limestone 
i  worked  in  Glen  Ey,  about  two  miles  south  of  the  junction  of  the 
Ej  hi  id  the  Conny,  where  it  also  occurs  near  the  base  of  the  quartz- 
ruck  <  This  locality  ties  nearly  in  a  line  between  Castleton  to  Glen 
Tilt,  and  helps  to  connect  together  the  limestones  of  those  two 
places, 

For  well-known  reasons  I  was  unable  to  visit  Glen  Tilt,  but  I  have 
no  hesitation  in  classing  the  limestone  of  that  Glen  with  the  bed  just 
deaerilwd,  since  MacCulloch  remarks  that  it  is  "  interstratified  with 
.^iiirt  r-rock  and  with  different  varieties  of  schist  *." 

In  cending  Glen  Clunie  from  Castleton,  we  pass  for  some  miles 
*  hit  cm,utz-rock,  but  about  five  miles  higher  up  mica-schist  appears 
iti  i !  i  ■  ■  bottom  of  the  Glen,  and  the  lower  beds  of  the  quartz-rock  are 
again  brought  to  view :  here  also  limestone  has  been  worked  by  the 
fanners  in  the  lower  part  of  the  quartz-rock.  On  the  southern  edge 
of  thi*  great  quartzose  deposit  in  Glen  Beg,  an  upper  branch  of  Glen 
S  h  >  i  wo  find  on  the  right  side  of  the  Glen  a  similar  limestone  a  little 
ui H.m-  the  base  of  the  quartz-rock,  but  in  a  spot  which  MacCulloch 
has  coloured  as  mica-schist. 

The  lowest  part  of  the  quarts-rock  is  well  laid  open  in  the  beautiful 
*  "  MacCulloch  oo  Glen  Tilt,"  Trass.  OeoL  Soc.  vol.  iii.  p.  271. 
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chasm  cut  through  it  to  the  mica-schist  by  the  waters  of  the  Conny, 
a  little  above  their  junction  with  the  Dee.  There  are  here  exposed 
above  200  feet  of  thin-bedded  quartz-rock,  regularly  stratified,  with  a 
dip  of  10°  to  the  S.,  and  alternating,  towards  the  base,  with  thin  beds 
of  micaceous  schist. 

As  all  the  masses  of  limestone  above-mentioned  have  much  the 
same  character  with  well-marked  stratification,  and  all  occur  in  the 
lower  members  of  the  quartz-rock  formation,  we  must  class  them  to- 
gether, and  they  would  alone  establish  the  stratified  and  sedimentary 
origin  of  the  quartz-rock,  which  is  confirmed  by  the  granular  struc- 
ture of  most  of  its  beds  indicating  that  it  is  an  altered  sandstone. 
It  is  exceedingly  probable  that  most  of  the  bands  of  limestone  which 
figure  in  so  strange  a  manner  in  MacCulloch's  map  among  the  gneiss 
and  mica-schist  of  the  southern  part  of  the  Highlands,  will  prove  to 
belong  to  outlying  masses  of  quartz-rock,  which  have  been  confounded 
with  the  crystalline  rocks  on  which  they  rest. 

I  met  with  such  an  outlier  of  quartz-rock,  accompanied  with  lime- 
stone, on  the  north  side  of  Loch  Earn,  about  a  mile  below  the  head 
of  the  lake.  The  limestone  is  worked  in  a  large  quarry  visible  from 
the  road ;  it  consists  of  many  beds,  of  which  the  upper  50  feet  are 
very  siliceous,  and  about  20  feet  are  tolerably  pure  limestone  of  a 
grey  colour  and  semicrystalline  structure.  Below  it  are  about  100 
feet  of  quartz- rock,  resting  unconformably  on  contorted  mica-schist, 
and  above  the  limestone  is  also  quartz-rock  which  is  overlaid  by  a  great 
mass  of  trap.  The  partings  both  of  the  limestone  and  of  the  upper 
and  lower  portions  of  the  quartz-rock  are  micaceous.  The  nearest 
spot  to  this  in  which  quartz-rock  is  marked  on  the  map  is  fifteen 
miles  off  to  the  north  ;  but  I  expect  that  many  other  masses  of  the 
same  formation  will  be  found  in  this  part  of  the  country,  as  I  heard 
of  limestone-quarries  in  several  places,  whose  occurrence  I  could  only 
explain  on  such  a  supposition. 

MacCulloch  has  laid  down  a  band  of  quartz-rock,  running  between 
the  mica-schist  and  the  gneiss,  from  Glen  Urchay,  through  Glen  Lyon 
and  Schiehallion,  to  Glen  Tumel,  of  which  I  have  only  seen  some 
portions.  In  Glen  Urchay  and  about  Tyndrum  the  rock  is  a  quartzose 
variety  of  gneiss,  with  a  foliation  conformable  to  that  of  the  neigh- 
bouring gneiss  and  mica-schist.  I  did  not  visit  Glen  Lyon,  but  from 
MacCulloch's  remark  that  "  the  boundary  of  almost  the  whole  of  the 
northern  side,  as  far  at  least  as  from  Meggarney  to  Fortingall,  con- 
sists of  a  sort  of  compact  sandstone  or  granular  quartz  *,"  we  may 
conclude  that  there  are  in  that  neighbourhood  some  deposits  of  sedi- 
mentary quartz-rock  or  metamorphosed  sandstone.  The  upper  part 
of  Schiehallion  has  been  described  by  Dr.  Playfair  as  consisting  of 
"  pure  quartz,  granular  quartz,  quartzv  sandstone  with  mica,  indu- 
rated sandstone,  grey  sandstone,  containing  mica  in  thin  lavers,"  &c.f, 
which  sufficiently  indicate  that  this  mass  of  quartz-rock  is  an  altered 
sandstone,  and  does  not  belong  to  the  mica-schist  which  forms  the 
surrounding  country.    The  occurrence  of  distinctly  stratified  lime- 

*  MacCulloch  on  Quartz-Rock,  GeoL  Trans,  vol.  ii.  p.  469. 

t  Lithologica]  Survey  of  Schiehallion,  Phil.  Trans,  for  1810,  pp.  352  and  358. 
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sir nk-  in  several  places  round  the  mountain  adds  farther  probability 
to  this  riew,  although  the  exact  nature  of  the  connexion  between  the 
quartz-rock  and  the  limestone  is  not  distinctly  seen.  Both  Plavfair 
and  MacCulloch  represent  the  stratification  of  the  quartz-rock  of 
Sd  lie  ha  11  ion  as  nearly  vertical,  and  undoubtedly  the  principal  divi- 
sional planes  are  nearly  perpendicular,  with  a  direction  of  W.  10°  N. ; 
but  there  is  another  set  of  divisions  nearly  horizontal,  which,  though 
lr:^  marked  than  the  former,  may  represent  the  original  stratification 
of  the  sandstone*.  Nothing  can  be  more  fallacious  than  the  view, 
suggested  by  the  map,  that  the  quartz-rock  separates  the  gneiss  from 
1 1  iv  mic  a -schist  in  this  part  of  Scotland :  the  quartz-rock  forms  no 
mvh  continuous  band  as  is  represented,  and  the  gradual  passage  from 
gneiss  into  mica-schist  may  be  seen  in  innumerable  places. 

There  are  several  other  important  tracts  of  quartz-rock  which  I 
have  not  seen,  and  can  only  allude  to  slightly. 

In  the  south  of  Caithness,  the  range  of  the  Scarabins,  "  entirely 
composed,"  according  to  Professor  Sedgwick  and  Sir  R.  I.  Murchison, 
"of  WautifuUy  white  compact  quartz- rock,"  is  encircled  bv  old  red 
sandstone  f.  This,  therefore,  without  belonging  to  the  Gneiss,  seems 
to  be  of  a  formation  anterior  to  the  Old  Red  Sandstone. 

A  large  part  of  Banffshire  is  formed  of  quartz-rock,  which  is  laid 
down  both  on  MacCulloch' s  map  and  on  the  more  detailed  map  of 
i  hiit  nmnty  by  Mr.  Cunningham  J.  The  great  mass  of  quartz-rock 
on  the  eoast  near  Cullen  seems  to  belong  to  the  Old  Red  Sandstone, 
with  which  it  is  continuous ;  but  all  the  narrow  strips  of  quartz-rock 
which  occur  in  the  schistose  district  of  the  county  appear,  from  Mr. 
Cunningham's  map  and  description,  to  be  interlaced  with  the  gneiss 
mM  mica-schist,  and  to  have  the  divisional  planes  conformable  to  the 
foliation  of  those  rocks :  so  that  it  must  be  presumed  that  they  be- 
long to  I  he  Gneiss. 

MacCulloch  has  described  at  some  length  the  quartz-rocks  of  Jura 
and  UJi$:  it  would  seem  that  there  are  in  those  islands  quartz- 
rocks  belonging  to  both  the  classes  which  I  have  been  endeavouring 
to  establish.  The  conglomerates  with  pebbles  and  fragments  of 
qimrtz  and  jasper  in  Jura  ||,  and  the  conglomerates  of  Islac  are  clearly 
*t alimentary  formations,  with  which  the  limestones  of  Isla  are  asso- 
ciated :  on  the  other  hand,  the  direction  and  dip  assigned  to  the  di- 
rurioiis  of  the  great  formations  of  quartz-rock  through  both  islands 
agree  sufficiently  with  that  of  the  foliation  of  the  gneiss  and  schists 
on  the  neighbouring  land  to  make  it  probable  that  a  large  proportion 
of  the  quartz-rock  is  connected  with  that  class  of  rocks. 

It  may  be  of  some  importance  to  point  out  to  the  agriculturists 
that  the  principal  deposits  of  limestone  throughout  the  Highlands  lie 

*  }'L\f:iir  itvs  of  these, 14  the  rock  b  much  cut  by  ftssnres  transverse  to  its 
Gratification."  When  I  visited  Schiehsllion  in  1849,  being  prepossessed  with  the 
ironoa  lUst  the  rock  was  vertical,  I  omitted  to  note  the  dip  of  the  transverse  di- 
ttooiii,  "f  which  I  have  a  distinct  recollection, 
t  Trans*  Geol.  Soc.  2nd  series,  rol.  iii.  p.  128. 
t  Journal  of  the  Highland  Society,  No.  57,  for  Jane  1842. 
|  Writers  Isles,  vol.  ii.  pp.  208,  239. 
|  Ut  at.  p.  210.  {  toe.  «7.  p.  250. 
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either  at  the  base  of  the  Old  Red  Sandstone  or  at  the  base  of  the 
Quartz- rock ;  since  this  indication  will  materially  assist  them  in  their 
search  for  this  useful  rock.  Every  calcareous  deposit  of  any  import- 
ance which  I  visited  belonged  to  one  or  other  of  those  positions. 
Some  of  the  limestones  of  .Banffshire  may  perhaps  be  exceptions,  as 
are  also  the  limestones  of  the  Oolites  and  Lias  on  some  parts  of  the 
coast.  But,  throughout  the  greater  part  of  the  Highlands,  the  only 
limestone  beds  really  worth  working  occur  a  little  above  the  base  of  the 
Old  Red  Sandstone  and  Quartz-rock,  and  these,  like  the  calcareous 
beds  of  the  Old  Red  Sandstone  elsewhere,  are  not  continuous,  but 
occur  here  and  there  at  about  the  same  geological  level. 

There  are  also  some  very  insignificant  masses  of  limestone  in  the 
Gneiss  and  Mica-schist,  but  these  are  rare  and  of  little  value.  The 
limestone  occurs,  as  one  of  the  constituents  of  the  foliated  rock,  in 
sheets,  rarely  exceeding  six  inches  in  thickness,  which  are  conform- 
able to  the  folia  of  quartz,  mica,  &c,  of  which  the  rock  may  be  com- 
posed, and  exhibit  no  internal  traces  of  stratification.  In  a  country 
where  limestone  is  so  rare,  it  may  be  desirable  to  map  these  deposits 
on  economical  grounds ;  but  geologically  they  have  no  more  claim  to 
figure  separately  on  our  maps  than  have  the  quartz,  mica,  or  felspar 
which  occur  with  them.  An  instance  of  limestone  occurring  in  this 
manner  in  mica-schist  may  be  seen  near  Lawers,  on  the  north  side  of 
Loch  Tay ;  and  in  gneiss,  in  several  spots  on  the  north  side  of  Loch 
Maree  in  Ross-shire,  especially  in  the  hill  behind  Letter  Ew ;  and 
other  instances  are  probably  to  be  found  elsewhere*. 

I  have  endeavoured  to  show  in  the  preceding  remarks  that  the 
quartz-rock  of  the  Highlands  must  be  divided  between  two  most 
aistinct  classes  of  rocks : — 

1st.  A  foliated  rock,  allied  to  gneiss,  with  which  it  may  be  classified 
without  requiring  a  separate  colour  on  our  maps,  or  a  distinct  name 
in  our  nomenclature. 

2nd.  A  stratified  rock  of  sedimentary  origin,  altered  from  sandstone 
into  more  or  less  homogeneous  quartz-rock  by  plutonic  action,  as  in 
die  now  well-understood  cases  of  the  Stiper  Stones  and  the  Lickey. 

In  considering  to  what  formation  of  sandstone  we  are  to  refer  the 
metamorphic  quartz-rocks,  we  must  recollect  that  as  yet  we  know  of 
no  sandstone  in  any  part  of  the  Highlands  older  than  the  Old  Red 
Sandstone ;  that  this  formation  is  more  than  equal  in  thickness  to 
the  quartz-rock,  and  that  the  more  modern  sandstones  play  an  insig- 
nificant part  in  those  districts,  having  only  been  observed  at  a  few 
places  on  the  coast.  It  seems,  therefore,  reasonable  to  refer  the 
whole  of  the  Quartz-rock  to  the  Old  Red  Sandstone,  especially  as  the 
auartz-rock  of  Sutherland  and  Ross-shire  undoubtedly  belongs  to  that 
formation,  and  the  similarity  of  character  and  the  frequent  occurrence 
of  limestone  in  the  same  part  of  the  series  are  strong  arguments  for 
connecting  all  the  stratified  quartz-rocks  together.   The  change  in 

*  I  must  warn  the  traveller  in  the  Highlands  that  the  publisher  of  MacCulloch's 
Map  has  most  unfortunately  chosen  almost  the  same  tints  for  "  primary  limestone  " 
and  "  trap-rocks  and  porphyry/'  so  that,  when  in  search  of  a  supposed  band  of 
limestone,  he  will  sometimes  come  upon  a  trap-dyke. 
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charncter  between  the  lower  beds  of  quartz-rock,  alternating  with 
micaceous  schist,  and  the  upper  part,  which  is  almost  exclusively 
silicons,  corresponds  with  what  we  should  expect  to  find  in  a  cry- 
stallized Old  Red  Sandstone,  of  which  the  lower  division  is  composed 
in  part  of  argillaceous  beds  fit  to  furnish  the  micaceous  schist,  and 
the  next  division  contains  very  little  clay. 

The  masses  of  quartz-rock  which  harmonize  least  with  this  arrange- 
ment are  those  of  Schiehallion,  Ben  Gloe,  and  the  Scarabins ;  if  we 
i  l  these  in  suspense,  and  only  admit  that  the  rest  of  the  stratified 
quartz-rocks  belong  to  the  Old  Red  Sandstone,  it  will  still  follow, 
from  the  position  of  the  various  masses  described,  that  that  forma- 
tion must  nave  covered  the  southern  portions  of  the  Highlands  at  least 
i  f :ir  up  as  the  Grampians. 


February  4,  1852. 

The  Rev.  J.  Gunn  was  elected  a  Fellow. 

The  following  communications  were  read : — 

I,  On  the  Southern  Border  of  the  Highlands  of  Scotland. 
By  D.  Sharpe,  Esq.,  F.R.S.,  V.P.G.S. 

llwiNO  lately  visited*many  of  the  passes  leading  into  the  Highlands, 

I  found  the  arrangement  of  the  rocks  along  the  border  so  different 

what  I  had  been  led  to  expect  by  what  has  been  published  on 
the  subject,  that  I  venture  to  oner  the  following  remarks  upon  the 
Border  formations,  although  I  am  far  from  having  materials  for  a 
complete  account  of  them. 

Mr,  Nicol's  '  Guide  to  the  Geology  of  Scotland '  gives  us  a  good 
ry  of  what  was  known  on  the  subject  up  to  1844,  and  little  or 
tint  hi  ng  has  been  added  since;  his  account,  therefore,  will  often  be 
referred  to. 

In  MacCulloch's  Map  of  Scotland  a  band  of  blue  colour,  indicating 

II  Clay  slate  or  Greywacke,"  stretches  across  Scotland  from  Stone- 
K:«^  1 1  to  Bute  and  Arran,  bounded  on  the  south  by  the  Old  Red 
Sambtone,  and  on  the  north  by  mica  schist,  and  within  this  clay- 
hlrtf  t-  are  represented  the  bands  of  limestone  of  Loch  Lomond  and 
Aberfoyle.  Mr.  Nicol's  map  includes  in  the  same  band  of  clay-slate 
the  limestones  of  Callander  and  that  on  the  South  Esk  near  Cor- 
(Achie.  Mr.  Buist's  Man  of  Perthshire,  published  in  the  forty-fifth 
number  of  the  Journal  or  the  Highland  Society,  draws  into  the  same 
i  -U v  -slate  Formation  the  limestone  between  Dunkeld  and  Blair 
Gowrie.  These  views  are  at  least  consistent,  for  there  can  be  little 
doubt  that  all  these  limestones  are  contemporaneous ;  but,  from  the 

I  made  to  several  of  the  quarries,  I  have  no  hesitation  in  refer- 
Huj?  them  all  to  the  Old  Red  Sandstone.  Mr.  Buist  goes  still  far- 
ther in  favour  of  the  clay-slate,  carrying  it  up  five  or  six  miles  north 
nf  jtn  real  boundary  to  include  in  it  some  outlying  patches  of  lime- 
HODS  marked  by  M!acCulloch,  and  thus  colours  as  clay-slate  a  large 
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extent  of  micaceous  schist.  Thus  there  has  heen  a  sort  of  conspiracy 
to  give  an  undue  importance  to  the  Clay-Slate,  which  has  got  mapped 
of  nearly  double  its  real  width ;  and  which,  as  far  as  I  could  learn, 
contains  no  subordinate  beds  of  limestone. 

In  the  eastern  part  of  its  course,  the  band  of  clay-slate  belongs  to 
a  single  formation,  being  a  dark  grey  or  dark  blue  slate,  of  nearly 
uniform  character,  the  finer  beds  of  which  are  worked  in  many  places 
for  roofing  slate :  but  to  the  westward  there  are  two  formations  of 
slate,  whose  mineral  characters  are  sufficiently  different  to  make  it 
desirable  to  distinguish  them.  The  lower  of  these  two  is  the  dark 
bluish  grey  slate  just  mentioned,  over  which  lies  a  series  of  beds  of 
great  thickness  of  a  light  green  or  greenish  grey  chloride  slate,  con- 
taining beds  of  slaty  conglomerates  of  a  similar  green  colour,  full  of 
small  pebbles  of  white  quartz,  which  are  here  and  there  so  abundant 
as  almost  to  deprive  the  rock  of  its  slaty  character.  With  these  few 
exceptions,  both  the  bedding  and  the  cleavage  of  the  slates  of  both 
series  are  well  marked  throughout  their  course. 

We  cannot  decide  the  age  of  these  slates  until  organic  remains  have 
been  found  in  them ;  but,  in  the  absence  of  such  conclusive  proof,  we 
must  fall  back  on  the  best  evidence  we  can  obtain,  which  is  that  of 
mineral  character :  this  leads  me  to  compare  them  to  the  two  great 
Slate  Formations  of  Westmoreland  and  Cumberland,  long  since  di- 
stinguished by  Professor  Sedgwick,  viz.  the  green  slate,  chloride, 
quartzose,  and  often  brecciated,  overlying  the  dark  clay-slate  of 
Skiddaw. 

The  position  of  these  slates  differs  so  much  in  various  parts  of 
their  course,  as  to  make  it  necessary  to  describe  in  detail  the  sections 
visited;  in  doing  which  I  will  commence  at  the  east  where  their 
arrangement  is  least  complicated. 

Fig.  1. — Section  from  the  Brig-o-Cally,  in  Glen  Shea,  to  Blair 

Gowrie. 


N.W.  S.E. 
Brig-o-Cally.  Craig  Hall.  Blair  Gowrie. 


Mica- schist.  Clay-alate.  Trap.  Old  Red  Sandstone. 


Figure  1  is  a  section  from  the  Brig-o-Cally  in  Glen  Shea  to  Blair 
Gowrie.  The  clay-slate  dips  at  an  angle  of  about  30°  towards  the 
mica-schist,  being  obviously  thrown  into  that  position  by  a  great  dyke 
of  greenstone  trap  which  separates  it  from  the  Old  Bed  Sandstone. 
The  actual  boundary  between  the  schist  and  slate  was  not  seen :  the 
band  of  slate  is  about  three  miles  wide.  It  has  been  quarried  for 
roofing  slate  about  one  mile  below  the  Brig-o-Cally.  The  Old  Red 
Sandstone,  in  the  picturesque  gorge  below  Craig  Hall,  is  a  coarse 
breccia  containing  large  boulders  of  quartz,  jasper,  &c.,  in  a  matrix 
which  has  been  altered  by  the  influence  of  the  neighbouring  trap  into 
a  crystalline  mass.  Half  a  mile  lower  down  the  river,  the  conglo- 
merate is  found  unaltered,  and  thus  it  continues  to  Blair  Gowrie. 
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[  could  not  find  the  limestone  which,  in  Mr.  Buist's  map,  is  placed 
m  Rattray ;  but  the  spot  where  he  has  marked  it  is  in  the  Old  Red 
Huadstone.  I  had  not  time  to  visit  the  limestone  between  Blair 
Guwrie  and  Cluny,  but  the  strike  of  the  beds  in  the  neighbourhood 
hit  me  Uttle  doubt  of  their  lying  in  the  Old  Red  Sandstone.  The 
position  of  tjie  clay-slate  on  the  Tay  is  so  nearly  the  same  as  that 
ju>t  described,  as  not  to  require  a  figure.  It  covers  a  breadth  of 
about  four  miles  from  Dunkeld  to  Birnan  Hill,  at  which  latter  spot  it 
is  largely  quarried,  and  supplies  an  excellent  roofing-slate.  The  beds 
din  N.W.  towards  the  mica-schist  at  about  60°,  and  they  meet  the 
nid  Red  Sandstone  without  any  trap  appearing  between  them  ;  yet 
the  trap-dyke  probably  runs  below  the  surface,  and  has  produced  the 
apparent  anomaly  of  clay-slate  dipping  N.W.,  meeting,  on  its 
southern  edge,  Old  Red  Sandstone  dipping  S.E.,  the  two  thus 
a| i  rearing  to  form  an  anticlinal  axis. 

The  next  valley  to  be  mentioned  is  Strath  Earn ;  but  the  abun- 
dance of  drift  in  the  valley  prevented  me  from  getting  a  complete 
iirt'tion.    The  clay-slate  is  not  two  miles  wide,  and  is  very  highly 
lined;  on  the  north  side  of  Comrie,  where  it  meets  the  mica- 
schist,  it  dips  N.  85°. 

Thus  far  we  have  only  met  with  the  lower  formation  of  dark  clay- 
slate  ;  but  in  the  sections  to  the  westward,  which  are  next  to  be  de- 
nied, the  upper  green  slate  comes  also  into  view. 

Fig,  2.— Section  of  the  Valley  between  Aberfoyle  and  Lock  Chon. 

N.W.      Side  of  Loch  Choo.  Loch  Ard.  Aberfoyle.  3.K. 


Fig.  2  is  a  section  of  the  beds  seen  in  the  valley  between  Aberfoyle 
and  Loch  Chon.  The  Old  Red  Sandstone  is  separated  from  the 
4 1? lv -date  by  a  great  dyke  of  greenstone-trap  }  ot  a  mile  wide,  on 
which  the  Inn  of  Aberfoyle  stands,  and  which  crosses  the  vallev  and 
niters  the  hills  on  both  sides,  running  about  £.  20°  N.  The  lowest 
of  Old  Red  Sandstone  is  a  dark  brown  grit,  perhaps  between 
200  and  300  feet  thick ;  on  this  rests  a  bed  of  limestone,  marked 
L  L  in  the  section,  associated  with  thick  beds  of  quartz-rock  with 
P'  *  tings  of  steatite,  surmounted  by  a  great  thickness  of  coarse  ferru- 
ginous conglomerate  many  hundred  feet  thick,  with  pebbles  larger 
t\-.-.in  cannon-balls.  All  the  beds  of  the  Old  Red  Sandstone  dip  about 
&  20  E.  40°.  Owing  to  the  upper  part  of  the  quarry  having  lately 
tiiJlen  in,  I  was  unable  to  see  the  thickness  of  the  calcareous  beds. 

The  north  side  of  the  trap  is  overlaid  by  the  dark  clay-slate,  dip- 
ping N.  20  W.  80°.,  which  forms  a  band  a  mile  and  a  half  wide,  on 
the  northern  side  of  which  is  a  large  quarry  of  excellent  roofing* 


1852.] 


SHARPS  ON  THE  HIGHLANDS* 


129 


1 

2 


i 


is  thrown  up  both 
vol.  vm. — PART 


slate.  This  is  overlaid  to  the  northward  by  the 
chloritic  or  "  green  slate,"  which  dips  N.  20° 
W.  65°,  where  it  overlies  the  clay-slate,  but  at 
the  side  of  Loch  Dow  is  suddenly  turned  up 
with  a  dip  of  S.  20°  £.  50°  to  70°,  and  farther 
north,  on  the  side  of  Loch  Chon,  rests  imme- 
diately on  mica- schist.  Some  of  the  beds  of 
green  slate  are  full  of  small  quartz-pebbles. 

To  the  eastward  of  this  section  the  green 
slate  is  well  seen  in  the  Trossachs,  and  also  be- 
tween Callander  and  Loch  Lubnaig,  on  both 
which  sections  it  covers  a  breadth  of  three  or 
four  miles.    The  beds  of  slaty  quartzose  con- 

§lomerate  are  of  great  thickness,  and  pass 
ownwards  on  its  southern  edge  into  a  coarse 
slaty  greywacke,  which  may  be  seen  both  at  the 
head  of  Loch  Vennachar  and  at  the  falls  of  the 
Leny,  resting  on  greenstone-trap,  which  bounds 
the  slates  southwards.  According  to  Mr.  Nicol*, 
the  clay-slate  runs  through  both  Ben  Ledi  and 
Ben  Venue,  where  it  must  come  up  between  the 
green  slate  and  the  mica-schist. 

To  the  westward  of  Loch  Chon  the  green 
slate  is  interrupted  by  the  upheaval  of  the  mica- 
schist  of  Ben  Lomond,  which  throws  the  band 
of  slates  several  miles  south  of  the  course  it 
follows  to  the  eastward ;  but  the  dark  clay-slate 
continues  from  near  Aberfoyle  to  the  Boss  point 
on  the  west  side  of  Loch  Lomond,  where  it 
dips  S.  20°  £.  65°,  and  rests  on  the  mica-schist, 
being  overlaid  farther  south  by  the  green  slate, 
as  is  seen  in  fig.  3. 

The  section  of  the  east  side  of  Loch  Lomond 
(fig.  3)  is  very  clear  and  instructive.  From  the 
head  of  the  lake  to  the  CuUimore  Burn,  $  of  a 
mile  below  Rowardennan,  the  side  of  the  lake 
(including  Ben  Lomond)  is  formed  of  mica- 
schist  :  this  is  overlaid  by  clay-slate,  forming 
a  band  about  a  mile  wide,  and  dipping  S.  20°  E. 
65°  to  70°.  This  is  overlaid  on  the  south  by 
the  green  slate,  which  covers  about  four  miles  of 
the  side  of  the  lake,  and  is  arranged  in  a  great 
synclinal  axis,  as  on  the  Aberfoyle  section  ;  but, 
instead  of  our  finding  the  clay-slate  rising  from 
below  the  southern  edge  of  the  green  slate,  as 
at  Aberfoyle,  the  green  slate  meets  the  Old  Red 
Sandstone  about  f  of  a  mile  north  of  Balmaha. 
The  lower  part  of  this  green  slate  series,  which 
at  its  northern  and  southern  edge,  includes 
*  Loc.  cit.  p.  149. 
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thick  beds  of  slaty  conglomerate,  full  of  small  quartz-pebbles.  The 
lowest  member  of  the  Old  Red  Sandstone  consists  of  coarse  ferru- 
ginous sandstone,  alternating  with  red  marls,  and  containing  some 
very  irregular  beds  of  little  thickness  of  nodular  limestone  mixed  with 
steatite,  which  have  been  worked  by  the  side  of  the  lake  above  Bal- 
maha.  This  set  of  beds  forms  a  low  arch  dipping  to  the  south  under 
&  great  thickness  of  coarse  red  conglomerate,  and  dipping  also  towards 
the  slate  on  the  north,  which  has,  no  doubt,  led  to  the  limestone  it 
contains  being  erroneously  mapped  as  part  of  the  slate  series.  The 
coarse  conglomerate  rises  into  a  high  ridge  of  hills,  which  terminates 
at  Balmaha.  A  similar  ridge,  formed  of  the  same  member  of  the 
Old  Red  Sandstone,  is  a  prominent  feature  a  Utile  to  the  south  of  the 
slntes,  along  a  great  part  of  the  Highland  Border ;  it  is  everywhere 
remarkable  for  the  large  size  of  its  pebbles,  often  a  foot  in  diameter, 
which  distinguish  it  from  the  beds  both  above  and  below  it.  Near 
Balmaha  this  conglomerate  dips  E.  40°,  S.  40°,  and  contains  an- 
other bed  of  limestone  worked  on  the  north  face  of  the  ridge.  The 
conglomerate  is  overlaid  on  the  south  by  a  red  sandstone,  dipping  at 
first  30°,  and  becoming  more  nearly  horizontal  to  the  southward. 

The  limestone  of  Auchmar  lies  also  in  the  lowest  member  of  the 
Old  Red  Sandstone,  between  beds  of  red  sandstone  and  variegated 
marl,  overlaid  by  the  coarse  conglomerate.  The  bed  of  limestone 
varies  in  thickness,  nowhere  exceeding  7  feet ;  it  is  nodular  and 
mixed  up  with  marl.  Only  the  extreme  rarity  of  lime  in  the  High- 
lands could  cause  so  poor  a  bed  to  be  worked. 

On  the  west  side  of  Loch  Lomond  the  clay-slate  is  quarried  at 
Loss,  where  it  rises  between  two  great  bands  of  trap.  The  green 
slate  occurs  on  the  north  of  the  clay-slate,  and  rests  on  the  mica- 
schist  ;  here,  as  at  Aberfoyle,  overlapping  and  concealing  the  northern 
ntge  of  the  dark  clay-slate.  Judging  from  MacCulloch's  descriptions, 
both  the  formations  of  slate  are  continued  to  the  westward  along  the 
north  of  the  Firth  of  Clyde. 

At  the  first  glance  the  positions  of  the  slate  in  the  sections  just 
Ascribed  are  perplexing,  and  appear  contradictory.  To  account  for 
ihem,  we  must  suppose  that  the  trap-rock,  which  breaks  through  in 
several  places,  is  continued  below  the  surface,  and  runs  along  the 
whole  line  of  the  Highland  Border.  In  some  parts  of  its  course  it 
ha*  raised  up  the  whole  mass  of  the  slate,  until  it  all  dips  to  the 
north  towards  the  mica-schists.  In  other  parts,  only  the  southern 
I  i.i If  of  the  slate-series  is  so  raised  up  by  the  trap,  and  the  northern 

ft  ion  dips  southward,  and  rests  in  a  less  disturbed  position  on  the 
mica-schist.  The  manner  in  which  the  clay-slate  is  brought  up  alter- 
nately on  the  north  and  south  side  of  the  green  slate  is  very  remark- 
able, and  can  only  be  explained  on  the  supposition  that  it  is  concealed 
in  some  places  by  an  overlap  of  the  newer  deposit  of  green  slate. 

From  Aberfoyle  eastward  the  band  of  slate-rocks  follows  a  neariv 
regular  course  of  about  £.  30°  N.,  with  a  slight  deflection  near  Strata 
Earn  ;  but  to  the  west  of  Aberfoyle  its  course  is  less  regular,  being 

cessively  thrown  to  the  south  in  a  series  of  breaks  :  the  most  im- 
ftortant  of  these  is  connected  with  the  deration  of  Ben  Lomond,  where 
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the  mica-schist  reaches  about  four  miles  to  the  south  of  its  boundary 
westward,  thus  bringing  the  mica-schists  of  Ben  Lomond  on  the  line 
of  the  green  slate  of  Loch  Chon*.  I  presume  that  to  this  is  owing 
Sir  R.  Murchison's  allusion  to  the  "  pebble-beds  in  the  chlorite  schist 
of  Ben  Lomond  f."  The  beds  so  mentioned  are  obviously  those  slaty 
conglomerates  with  quartz-pebbles  which  I  have  just  described  as  form* 
ing  part  of  the  chloritic  or  green  slate  series,  which  reach  the  western 
flank  of  Ben  Lomond,  but  cannot  be  considered  as  forming  part  of  that 
hill.  I  ascended  Ben  Lomond  from  Bowardennan,  passing  all  the  way 
over  mica-schist,  and  MacCulloch  expressly  states  that  the  whole 
mountain  consists  of  micaceous  schist  J. 

The  chloritic  or  green  slate  is  a  truly  stratified  sedimentary  forma- 
tion, in  which  the  bedding  is  distinctly  seen  to  be  traversed  by  the 
planes  of  slaty  cleavage.  Moreover,  it  is  not  the  lowest  of  the  sedi- 
mentary formations  of  the  district ;  it  is  therefore  important  that  it 
should  not  be  confounded  or  coupled  with  the  mica-schist  of  Ben 
Lomond,  a  foliated  rock  of  crystalline  origin,  in  which  there  is  only 
one  set  of  divisional  surfaces,  namely  those  of  foliation.  The  distinc- 
tion between  these  two  classes  of  rocks — the  stratified  slates  traversed 
by  cleavage,  and  the  foliated  schists  without  any  second  set  of  divi- 
sional planes — is  one  of  the  most  important  in  geology,  and  cannot 
fee  overlooked  without  leading  to  hopeless  confusion, 


2.  On  the  Discovery  of  Gold  in  Australia. 
By  the  Rev.  W.  B.  Clarke,  M.A.,  F.G.S. 

[Abstract.] 

In  April  1841,  Mr.  Clarke  undertook  his  first  journey  of  exploration 
from  the  east  coast  of  Australia  to  the  westward,  in  the  parallel  of 
Port  Jackson.  On  that  occasion  he  became  first  acquainted  with  the 
geological  position  of  the  Carboniferous  series  of  New  South  Wales 
with  respect  to  the  older  rocks  composing  the  axis  and  western  flank 
of  the  great  chain  called  the  Blue  Mountains,  which  also,  in  conse- 
quence of  their  extension  N.  and  S.  through  many  degrees  of  latitude, 
nave  been  appropriately  denominated  "  the  Australian  Cordillera." 

Although,  on  the  occasion  alluded  to,  says  the  author,  my  obser- 
vations were  made  without  much  precision,  I  nevertheless  became 
aware  that  the  axis  consisted  of  elevated  schists  of  various  kinds 
parallel  with  the  meridian,  together  with  some  limestones,  and  that 
granitic  rocks  of  a  younger  epoch  had  intruded  into  them,  and  were 
accompanied  by  dykes  of  quartz.  The  presence  also  of  greenstones, 
diorites,  syenites,  porphyries,  basalt,  ana  other  igneous  products  was 

*  Since  the  above  was  written,  Mr.  Pratt  hat  informed  me  that  a  considerable 
mass  of  porphyry  rises  through  the  mica-schist  a  little  to  the  north  of  Inversnaid. 
Probably  the  disturbance  mentioned  in  the  text  is  caused  by  the  «rnption  of  the 
porphyry.— [March  23,  1852.] 

t  Quart.  Joura.  Geol.  Soc.,  pol.  vii.  p.  169. 

t  Trans.  -Geol.  Soc.  vol.  ii.  p.  446,  note. 

k  2 


132 


PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.      [Feb.  4, 


also  detected.  There  was  evidence  also  of  the  schists  having  under- 
gone various  transmuting  influences,  and  of  the  granites  having  suf- 
fered from  causes  which  had  in  places  produced  fflsintegration.  The 
Carboniferous  formation  was  exhibited  as  resting  upon  the  older  rocks, 
her  reposing  unconformabiy  upon  the  tilted  schists  or  granites,  or 
passing  into  the  ancient  conglomerates  derived  from  the  latter*.  I 
discovered  at  that  time  the  presence  of  gold,  both  in  quartxites,  and 
in  the  detrital  accumulations  derived  from  the  axial  formations ;  but 
it  was  only  sufficient  to  enable  me  to  declare  that  gold  existed  within 


By  subsequent  researches,  the  author's  acquaintance  with  the  Eco- 
logy of  the  country  was  considerably  extended,  and  he  was  led  to 
regard  Australia  as  an  auriferous  region  of  considerable  promise, — an 
n pinion  which  he  has  promulgated  in  several  of  the  local  journals; 
and  ultimately  he  was  convinced  (as  expressed  in  a  letter,  a  quotation 
from  which  appeared  in  the  'Quarterly  Review'  for  September  1850) 
that  copper,  lead,  and  gold  are  to  be  found  in  considerable  abundance 
in  the  schists  and  quartxites  of  the  Cordillera  (Blue  Mountains). 
I  nder  these  terms  are  included  all  the  alternations  of  the  schistose 
formation  which  occur  between  27°  and  38°  lat. ;  that  portion,  how- 
ever, being  chiefly  alluded  to  that  lies  between  the  Liverpool  Range 
and  Wilson's  Promontory.  Having  had  ocular  proof  that  gold  ac- 
tually existed  in  many  places  within  an  area  represented  by  9  of  la- 
titude and  4°  of  longitude,  the  author  felt  justified  in  extending  his 
assertion  with  respect  to  the  presence  of  gold  in  Australia,  so  as  to 
embrace  the  further  extent  of  country  throughout  which  rocks  of  a 
railar  kind  extend.  After  dwelling  on  the  similarity  of  the  geo- 
_  lostical  characters  of  the  Australian  and  the  Ural  Ranges, — his  views 
on  which  were  published  in  1847t, — and  on  the  meridional  parallel- 
m,  at  the  respective  distances  of  exactly  90°,  that  obtains  apparently 
amongst  what  he  considers  to  be  the  several  great  auriferous  moun- 
tain-ranges of  the  world,  Mr.  Clarke  proceeds  to  observe,  that  the 
i  tost  recent  intelligences  enable  him  to  state  that  the  actual  length 
of  the  auriferous  quartz  ranees  is  full  sixty  miles,  if  not  more,  reckon- 
i  i  tg  from  Summer  Hill,  which  is  the  range  separating  the  waters  of  the 
Lkriubula,  an  affluent  of  the  Lachlan,  from  the  basin  of  the  Macqua- 
rie,  in  which  the  gold-diggers  are  now  employed.  Summer  Hill  is  not 
more  than  ten  miles  east  of  the  summit  of  the  Canobolas,  a  cluster  of 
i  asaltic  and  porphyritic  hills,  which  have  burst  through  the  schists* 
nnd  have  transmuted  also  the  overlying  fossiliferous  limestones. 
Taking  the  width  of  the  auriferous  region  in  this  part  of  the  basin  of 
the  Macquarie  at  twelve  miles,  we  have  here  an  area  of  at  least  720 

*  For  an  account  of  the  Paleozoic  Rocks  of  New  South  Wales,  tee  Quart.  Jour*, 
i  ieoi.  Soc  vol.  iii.  p.  241  et       and  vol.  hr.  p.  60  et  set.   Also  StroekckVs  Phy- 
sical Description  of  N.  S.  Wales  and  Van  Diemen's  Land,  p.  87  **«#*.,  and  Juaus' 
Physical  Structure  of  Australia,  p.  11,  and  p.  18  H  set. 
f  A  comparison  of  the  phamomena  of  the  Ural  with  those  of  Australia  (which 
lr.  Clarke  was  enabled  to  institute  by  means  of  an  Abstract  of  U.  de  VerneatTa 
|  teport  to  the  Geological  Society  of  France,  on  the  Researches  in  Russia  by  Sir  R.  L 
lurchtson.  Count  A,  Keyierling,  and  himself)  was  published  in  the  Sydney  HeraM, 
>ept.28,  1847. 
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square  miles, — in  a  great  part  of  which,  either  in  the  rock  in  situ,  or 
in  the  detritus,  gold  is  found  in  more  or  less  abundance. 

In  1851  gold  was  discovered  in  Summer  Hill  Creek  and  along 
Lewis'  Ponds*,  a  N.  and  S.  affluent  of  the  Macquarie,  more  than 
thirty-five  miles  distant  from  Bathurst.  Gold  has  also  been  detected 
within  a  few  miles  of  Bathurst,  and  on  the  west  of  the  Summer  Hill 
range,  in  the  cupriferous  region  of  Carcoor  and  Coombing ;  and  most 
probably  as  prolific  a  field  exists  south  of  that  district  as  to  the  north 
ofit. 

The  country  in  the  immediate  vicinity  of  the  gold-diggings  consists 
of  schist,  traversed  by  quartz-dykes,  vertically  bedded,  and  fissured 
by  deep  creeks.  Where  the  points  of  junction  with  minor  creeks 
occur,  bars  of  schist  serve  to  accumulate  the  fluviatile  and  more 
ancient  drift,  and  it  is  there  especially  that  the  gold  is  accumulated. 
Masses  of  from  one  to  four  pounds  weight  have  been  found,  together 
with  smaller  pieces,  in  the  interstices  of  the  schist,  which  is  covered 
by  clay  and  detritus. 

In  the  banks  of  the  creeks  and  on  the  plains,  such  as  Pretty  Plains, 
King's  Plains,  &c,  gold  also  occurs.  The  trend  of  the  creeks,  as  well 
as  the  ranges,  is  to  the  north  and  south,  and  this  kind  of  country  con- 
tinues for  at  least  100  miles.  The  dip  where  the  "  diggings"  now  are 
is  at  a  high  angle  to  the  N.E.  At  some  points,  as  near  the  junction 
of  Meroo  Creek  and  the  Cudgegong  River,  and  thence  by  Gouraba  to 
Wonderry,  the  quartz  is  studded  with  beautiful  nests  of  gold,  very 
abundant  and  easily  detached  by  the  blow  of  a  hammer. 

As  Oakey  Creek,  south  of  the  Canobolas,  and  others  falling  into 
the  Bolubula  and  Abercrombie  also  contain  gold,  there  can  be  no 
doubt  that  abundance  will  be  also  found  in  other  affluents  of  the 
Lachlan.  Nor  is  the  discovery  confined  to  this  immediate  region, 
for  it  has  been  detected  at  various  points  along  the  whole  line  of 
quartz-rock  and  slate  ranging  between  the  meridians  of  149°  and 
148°  E.,  as  far  as  the  valleys  radiating  from  Mount  Kosciusko.  The 
whole  basin  of  the  Macquarie  River,  and  various  points  on  the  Man- 
ning, Clarence,  and  Mac Leay  Rivers  to  the  northward  are  rich  in  gold. 
The  quality  of  the  gold  is  good.  It  is  purer  in  colour  than  the  Ca- 
hfonnan  metal,  being  alloyed  with  a  less  proportion  of  silver ;  some 
small  specimens  have  given  on  analysis  1\  grains  of  pure  gold  out  of 
a  lump  of  quartz-ore  weighing  17  grains. 

The  mineral  structure  and  geological  composition  of  Tasmania 
being  phenomena  continuous  from  those  of  Australia,  it  is  highly 
probable  that  gold  will  be  detected,  if  search  be  made,  at  the  head  of 
King's  River  and  below  the  range  running  from  Mount  Humboldt  to 
Western  Bluff. 

The  question  of  the  prolificness  of  the  Australian  gold-field  in  the 
basin  of  the  Macquarie  having  been  set  at  rest  by  the  abundance  of 
the  metal  already  discovered,  and  the  extent  being,  in  all  probability, 

*  The  amount  of  gold  taken  from  Summer  Hill  and  Lewis'  Ponds  Creeks  is  said 
to  be  worth  about  £5000  sterling ;  and  this  was  obtained  in  little  more  than  three 
weeks'  time.  But  there  is  reason  to  believe  that  from  the  alluvium  of  these  Creeks 
there  will  not  be  a  much  further  supply.  . 
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conterminous  with  that  of  the  associated  schists  and  quartxites,  it  mar 
be  safely  concluded  that  Australia  will  be  found  one  of  the  richest 
gold-bearing  regions  on  the  face  of  the  globe. 

Fuller  details,  observes  Mr.  Clarke,  will  be  found  in  my  forthcoming 
Report  on  the  Geology  of  Australasia ;  nevertheless  I  have  thought  it 
advisable  to  give  this  brief  account  of  one  of  the  most  valuable  dis» 
G  uveries,  of  commercial  importance,  yet  made  in  a  British  territory, 
mid  the  final  consequences  of  which  will  be  of  the  greatest  importance 
to  the  destinies  of  the  Southern  hemisphere. 


3.  On  the  Anticipation  of  the  Discovery  of  Gold  in  Austra- 
lia ;  with  a  General  View  of  the  Conditions  under  which 
that  Metal  is  Distributed.  Bv  Sir  Roderick  Impey  Men- 
chison,  G.C.St.S.,  F.R.S.  G.S.,  t>res.  R.  Geogr.  Soc.  &c. 

[Abstract.] 

This  memoir  is  chiefly  a  risum**  of  the  author's  views  on  the  distri- 
bution of  gold  in  various  parts  of  the  world,  as  published  during  the 
last  eleven  years.  This  recapitulation  is  deemed  requisite  because 
the  Rev.  W.  B.  Clarke  published  in  the  Sydney  Herald,  May  29, 
1851,  a  long  article  on  Australian  gold  (reprinted  in  the  English 
newspapers  and  in  blue-books  for  the  use  of  both  Houses  of  Par- 
liament), in  which  no  mention  is  made  of  Sir  Roderick  Murrhison's 
writings  relating  to  Australian  gold,  although  they  were  published 

tween  the  years  18 14  and  1850.  In  fact,  the  chief  illustrations  in 
Uie  above-noticed  article  of  Mr.  Clarke  had  been  printed  in  the  work 
1  Russia  and  the  Ural  Mountains,*  in  the  Journal  of  the  Royal  Geo- 
graphical Society,  in  the  Transactions  of  the  Royal  Geological  Society 
of  Cornwall,  and  of  the  British  Association,  and  in  the  Notice  of 
Discourse  at  the  Royal  Institution,  &c. 

From  1841  to  1843  Sir  Roderick  published  descriptions  of  the 
auriferous  phenomena  of  the  Ural  Mountains  on  different  occasions, 
as  read  before  the  Geological  Society  and  the  British  Association.  In 
1844  he  compared  the  eastern  chain  of  Australia*,  about  to  be  de- 
scribed by  Strzelecki,  with  the  Ural  Mountains.    In  1846  (a  year 

fore  the  Californian  discovery)  he  addressed  Sir  C.  Lemon,  the 
President  of  the  Royal  Geological  Society  of  Cornwall,  on  the  subject, 
and  recommended  any  Cornish  tin-miners,  who  were  unemployed,  to 

ligrate  to  New  South  Wales,  and  dig  for  gold  in  the  debris  and  drift 
in  the  flanks  of  what  he  had  previously  termed  the  "  Australian  Cor- 
dillera,** in  which  he  had  recently  heard  that  gold  had  beeu  discovered 
m  small  quantities,  and  in  which,  from  similarity  with  the  Ural  Moun- 
tains, he  anticipated  that  it  would  be  certainly  found  in  abundance  f. 
Having  received  letters  from  residents  in  Sydney  and  Adelaide,  savins 
that,  in  consequence  of  his  writings,  they  had  sought  and  obtained 

►  Trans.  Royal  Geocr.  Soc.  vol.  xi*.  p.  xcix.  *t  fry. 

r  Trim.  Rora)  GcoL  Soc.  Cornwall,  1846,  vol.  ri.  p.  324  et  *f.  Alto  tha  Pea- 
ice  newspaper!  of  Oct.  1846. 
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gold,  specimens  of  which  they  sent,  the  author  wrote  to  Earl  Grey, 
Minister  for  the  Colonies,  in  November  1848,  referring  to  his  antici- 
pation as  being  about  to  be  realized  in  a  manner  which  might  operate 
a  great  change  in  the  colony.  From  that  time  until  the  practical 
establishment  of  the  view  on  an  extensive  scale  by  Mr.  Hargreaves  in 
1851,  he  developed  the  Australian  phenomena  before  the  British 
Association  and  the  Royal  Institution  ;  and,  finally,  he  embodied  his 
views  in  the  article  entitled  "  Siberia  and  California/'  in  the  '  Quar- 
terly Review,'  1850. 

Having  next  alluded  to  the  diagrams  illustrative  of  the  subject 
which  he  had  exhibited,  and  to  the  useful  new  maps  of  the  gold- 
districts  by  Mr.  Wyld*,  the  author  spoke  of  a  geological  discovery 
recently  communicated  to  him  by  the  Rev.  W.  B.  Clarke,  F.G.S.,  viz. 
the  existence  of  many  fossils  of  known  Silurian  species,  including  Pen- 
tamerus  Knightii,  and  many  shells  and  corals,  on  the  flanks  of  the 
dividing  range  of  New  South  Wales.  This  discovery  is  important,  for 
it  completes  the  resemblance  of  the  Australian  Cordillera  (along  which 
Devonian  and  Carboniferous  fossils  had  been  found)  with  the  Ural 
Mountains ;  the  two  chains  being  thus  shown  to  be  zoologically,  as 
well  as  lithologically,  similar,  and  both  to  possess  the  same  auriferous 
"  constantst*"  Such  constants  occur  in  many  countries  and  have  re- 
cently been  found  to  obtain  in  the  prolongation  of  the  Apalachian 
chain  into  Canada,  specimens  of  gold  from  whence  were  exhibited 
by  Mr.  W.  E.  Logan,  F.G.S. 

Sir  Roderick  entirely  dissented  from  a  theory  propounded  by  Mr. 
Clarke, — that  the  production  of  gold  in  certain  meridional  bands  of 
rock  in  both  hemispheres  has  any  fixed  relation  to  four  equidistant 
meridians ;  inasmuch  as  the  exploration  of  Northern  Asia  or  Siberia 
has  shown,  that  the  greater  proportion  of  Russian  gold-ore  is  not  de- 
rived from  the  Ural,  but  from  numerous  other  similarly  constituted 
ridges,  which  occur  at  intervals  throughout  70°  or  80°  of  longitude. 

The  author  concluded  by  recapitulating  the  data  which  he  had 
been  enunciating  for  some  years  respecting  the  distribution  of  gold  J, 
dwelling  particularly  on  the  facts  which  the  labours  of  mankind 
had  established,  that  auriferous  vein-stones  in  the  parent  rock  had 
been  usually  found  to  deteriorate  in  produce  when  followed  down- 
wards ;  and  that  their  originally  richest  portions  having  occurred  in 
the  upper  parts  of  the  rocks,  the  most  prolific  gold-fields  were 
composed  of  the  debris  or  drift,  which  in  former  ages  had  been  abs- 
tracted from  the  mountain-tops  and  distributed  in  gravel-heaps  on 
their  sides. 

The  author  having  further  shown,  that  gold  could  only  be  abun- 
dantly found  along  the  back-bones  or  most  ancient  parts  of  the  land 
(more  particularly  in  those  countries  which  like  Australia  had  never 
been  inhabited  by  civilized  men),  and  had  never  been  discovered  in 
any  appreciable  quantity  in  secondary  or  tertiary  strata,  it  followed 

*  Notes  on  tbe  Distribution  of  Gold  throughout  the  World.  8vo.  London,  1852. 
t  See  Discourse  at  tbe  Royal  Institution  in  March,  1850. 
X  See  Trans.  R.  Geogr.  Soc.  vol.  xiv.  p.  lxiii.  et  aeq. ;  and  Athenaeum  Journal, 
Nos.  920,  1143,1167. 
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that  the  sold-fields  of  nature,  however  rich  along  certain  tones,  were 

necessarily  limited  by  such  conditions. 

^.—Having  above  given  the  date  of  the  publication  in  which  I  compared  the 
"  Australian  Cordillera,"  then  so  named  by  me  (1844),  with  the  Ural  Moontaiaa, 
■ml  (hat  of  my  invitation  to  the  Cornish  miners  to  work  for  gold  in  that  Coftfiuera 
ii  ),  I  beg  to  state  that  English  geologists  are  unacquainted  with  any  other 
printed  documents  relating  to  Australian  gold,  accepting  my  own,  anterior  to  a 
nuiiec,  by  Mr.  Clarke,  of  September  1847,  in  the  Sydney  Herald.  That  com- 
f  iiri  Min  of  his  of  Australia  with  the  Ural  was,  it  will  be  observed,  three  years  mmd 
/our  months  after  my  publication  on  the  same  topic.  His  letter  to  me,  an  extract 
from  which  I  gave  in  the  Quarterly  Review  of  September  1850,  was  loaf  sabee- 
\   ■  i :  to  his  notice  of  1847.— [R.LM.] 


February  25, 1852. 

The  following  communication  was  read  : — 

CM  the  Classification  and  Nomenclature  of  the  Lower  Pa- 
t  sozoic  Rocks  of  England  and  Wales.  By  the  Rev.  Prof. 
Sedgwick,  A.M.,  F.R.S.,  G.S. 

§  1.  Cumbrian  Series. 

In  a  former  paper*,  of  which  this  is  a  continuation,  I  endeavoured  to 
it* certain  the  geological  place  of  some  groups  of  slate-rocks  which  are 
st  en  in  certain  parts  of  Westmoreland  ana  Yorkshire  near  the  base 
of  the  carboniferous  limestone ;  and  I  endeavoured  to  show  thai  the 
eeveral  groups  which  appeared  on  one  or  more  of  the  sections  were  the 
equivalents,  respectively,  of  the  Coniston  limestone,  the  Coniston 
xt&ne,  the  Coniston  grits,  and  the  Ireleth  slates,  &c.  These  equiva- 
lents are  well  known,  having  been  described  by  myself  in  former  pub- 
lished papersf.    But  a  new  question  may  arise  respecting  their  true 

ice  in  the  lower  divisions  of  the  whole  palaeozoic  system.  In  the 
Cumbrian  cluster  of  mountains,  the  whole  series  of  deposits  below  the 
Old  Red  Sandstone  has  been  long  separated  into  three  great  physical 
Mibilivisions ;  the  lowest  of  which  mcluded  the  Skiddaw  slate;  the 
middle  was  represented  by  a  vast  development  of  green  slate  and  por- 
phyry ;  while  the  highest  included  all  the  rocks  of  Westmoreland  and 
Lancashire,  from  the  calcareous  slates  of  Coniston  to  the  highest  beds 
that  were  overlaid  by  the  old  red  conglomerates,  or  were  covered  by 
the  beds  of  the  great  Sear-limestone.  Such  were  Mr.  J.  Otley's  three 
physical  groups ;  and  they  were  adopted  as  the  basis  of  classification 
by  myself  and  others  who  followed  him. 

So  soon  as  I  became  acquainted  (in  1831  and  1832)  with  the  rocks 

*  Quart  Journ.  Geol.  Soc.  vol.  viii.  pp.  55-54. 

t  Sre  papers.  Proc.  Geol  Soc  vol.  i.  p.  399  (Cmmbrim);  ibid,  vol  iL  p,  67* 
rumbrimmnd  S.  JTefrt);  ibid.  vol.  uL  p.  541  (Cumbrim  mud  N.  IT***);  ibid. 
tr>L  iv.  p.  212  (N.  WeJee) ;  ibid.  p.  251  (.V.  Wale*) ;  ibid,  p.  576  (M  Wmiee  mmd 
fumbrim) ;  Quart.  Journ.  Geol.  Soc.  vol.  i.  p.  5  (Cumbrim)  ;  ibid.  p.  442  (JV.  Wmbm 
.,  k/  (mmbrim) ;  ibid.  vol.  ii.  p.  106  (Cumbria) ;  ibid.  vol.  iii.  p.  133  (JV.  Wmtee mmd 
**brie) ;  ibid.  vol.  iv.  p.  216  (Cumbria). 
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of  the  upper  and  lower  Cambrian  series*,  I  hesitated  not  to  identify 
the  Collision  with  the  Bala  limestone ;  and  in  a  short  published 
scheme +  I  endeavoured  to  bring  all  the  rocks,  from  the  Coniston 
limestone  to  the  Ireleth  slates  inclusive,  into  a  provisional  comparison 
with  my  upper  Cambrian  groups ;  viz.  those  groups  which,  at  the 
south  end  of  the  Berwyn  chain,  are  superior  to  the  Bala  limestone ; 
and  are  thence  sent  off,  in  great  undulations,  and  form  the  physical 
groups  of  a  considerable  portion  of  South  Wales.  This  scheme  I 
now  believe  to  have  been  very  nearly  right ;  and  it  would  have  been 
perfectly  right  had  I  not  included  the  Ireleth  slates  among  the  equi- 
valents of  the  so-called  upper  Cambrian  system  %. 

During  a  subsequent  year  (1841),  on  my  return  from  Scotland,  I 
paid  a  very  short  visit  to  some  of  the  Westmoreland  quarries.  Nearly 
all  my  old  collections  (the  accumulations  of  more  than  twenty  years) 
were  at  that  time  inaccessible  to  myself ;  but  having  procured  some 
good  Coniston  fossils,  and  having  received,  from  my  friend  Mr.  James 
Marshall,  a  still  better  series,  they  were  carefully  examined ;  and, 
almost  species  by  species,  they  agreed  with  the  Silurian  fossil  lists  of 
the  Caradoc  sandstone.  Nor  was  this  all  the  evidence  on  which  I 
then  modified  my  first  classification  §.  The  Coniston  limestone  and 
calcareous  slates  appear  to  pass  into  the  Coniston  flagstone  by  almost 
insensible  gradations ;  and  the  flagstone  contains  Graptolites  which  I 
referred  (perhaps  erroneously)  to  the  species  Ludensis ;  and  in  many 
different  places  it  contains  whole  beds  of  Cardiola  interrupts  and  a 
few  other  species,  which  are  among  the  characteristic  lists  of  the 
upper  Silurian  rocks.  This  evidence  appeared  at  that  time  to  be 
irresistible ;  and  I  so  far  modified  my  first  attempt,  that  1  no  longer 
brought  the  Coniston  and  Bala  limestones  into  immediate  compa- 
rison, but  considered  the  Coniston  limestone  as  the  exact  equivalent 
of  the  Caradoc  sandstone.  On  this  hypothesis  the  whole  series  of 
rocks  (Mr.  J.  Ot ley's  third  great  physical  subdivision),  from  the 
Coniston  limestone  upwards,  formed  the  exact  equivalents  of  Sir  R.  I. 
Murchison's  Silurian  groups,  from  the  Caradoc  sandstone  to  the 
upper  Ludlow  rocks  inclusive. 

I  need  not  detain  the  Society  by  any  further  reference  to  papers, 
abstracts  of  which  were  published  during  former  years ;  but  it  was 
obvious,  from  the  first,  that  the  Coniston  limestone  was  a  bad  physi- 
cal equivalent  of  the  Caradoc  sandstone ;  and,  on  the  scheme  here 

*  By  Cambrian  series  was  understood  the  whole  great  undulating  series  betweea 
the  Menai  and  the  edge  of  Shropshire.  Lower  Cambrian  on  my  first  scheme  in- 
cluded all  the  rocks  west  of  the  Bala  limestone.  Upper  Cambrian  included  the 
Bala  limestone  and  all  the  slate-rocks  above  it.  In  the  present  paper  the  Upper 
Cambrian  series  (or  great  Bala  group)  is  made  to  commence  at  a  considerably  lower 
level;  viz.  with  the  black  slates  immediately  on  the  east  side  of  the  porphyritic 
beds  of  the  Great  Arenig.  In  this  way  we  avoid  an  ambiguity  arising  from  the 
difficulty  of  tracing  the  exact  equivalent  of  the  Bala  limestone  through  South 
Wales ;  and  the  great  undulating  system  south  of  Cader  Idris  and  east  of  Car- 
digan Bay  becomes  at  once  comprehended  in  the  Upper  Cambrian  series. 

f  Proceedings  GeoL  Soc  vol.  ii.  p.  678. 

%  It  appears  that  the  Ireleth  slates  are  very  nearly  the  equivalents  of  the  Wen- 
lock  shale. 

$  Proceedings  GeoL  Soc.  vol.  iii.  p.  551. 
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alluded  to,  the  Conistoo  grits  had  no  physical  representative  among 
the  t  v  plcal  upper  Silurian  groups.  I  ascertained,  moreover,  in  the 
year  1845,  that  the  Coniston  limestone,  at  its  south-western  extre- 
mity, u:is  actually  so  interlaced  with  the  green  slates  and  porphyries 
of  tin  v  it  central  system  of  the  Cumbrian  mountains,  that  it  could 
not,  at  least  on  physical  evidence,  be  separated  from  them.  Hence  I 
]  ly  came  back  nearly  to  my  first  interpretation  of  the  phseno- 


Ti.r  Coniston  limestone  I  again  considered  as  a  true  Cambrian 
rock,  and  the  equivalent  of  the  Bala  limestone ;  and  its  fossils  have 
within  the  last  three  or  four  years  been  arranged  by  Professor  M*Coy 
in  conformity  with  this  view.  But  the  Cardiola-flags  still  presented 
a  great  difficulty,  as  I  had  never  seen  the  CardioUe  but  among 
rocks  supposed  to  be  upper  Silurian :  and,  if  possible,  to  clear  away 
this  difficulty  was  one  of  my  objects  in  my  visit,  during  the  past  sum- 
mer, to  the  flagstones  near  Horton  in  Ribblesdale. 

On  writing  to  Professor  M'Cov  on  the  propriety  of  classifying  the 
Con  mt  on  flags  with  the  upper  Bala  group,  and  the  Coniston  grits  with 
the  Camdoc  sandstone,  I  had  a  reply  in  which  he  used  the  foUowing 
words : — 44 1  by  no  means  think  that  we  have  yet  fossil  evidence 
enough  for  determining  zoologically  the  age  of  the  flags  and  grits  in 
question ;  nor  the  age  of  similar  beds  in  a  few  other  localities  which 
in  our  MS.  lists  stand  as  doubtful ;  and  I  am  glad  you  are  collect- 
ing more  evidence.  Meanwhile  your  field-impressions,  I  have  little 
doubt,  will  prove  correct."  At  the  same  time  I  may  remark,  that 
neither  he  nor  1  had  a  shadow  of  doubt  that  the  Coniston  limestone  was 
the  equivalent  of  the  Bala ;  and  this  conclusion  necessarily  influenced 
our  o [union  respecting  the  age  of  the  Coniston  flags  and  Coniston 
grit*.  If  the  Coniston  limestone  and  flagstone  could  be  brought  to 
the  |mn>llel  of  the  upper  Bala  groups,  it  followed  almost  of  necessity 
tli at  the  Coniston  grits,  geologically  and  physically,  roust  be  the  exact 
c<j  m v  nieni*  of  the  Caradoc  sandstone ;  and  thus  would  a  great  physi- 
cal tliitii-uUy  be  removed;  and  the  Westmoreland  series  would  agree, 
stujjr  by  stage,  with  the  successive  groups  in  North  Wales,  and  with 
tin  <m ,  e*sive  stages  of  the  Silurian  rocks,  as  they  had  been  made 
out  by  the  author  of  the  'Silurian  System.' 

Knowing  the  importance  of  these  deterniinations,  I  engaged,  during 
last  autumn,  my  friend  John  Ruthven  to  re-examine,  at  his  leisure, 
all  the  fossil-bearing  quarries  in  the  Coniston  grits  and  flags ;  and  I 
hope,  before  long,  to  receive  from  him  such  a  series  of  fossils  as 
will  settle  the  zoological  evidence  bearing  on  the  exact  age  of  the  two 
last-mentioned  groups,  and  put  an  end  to  any  remnant  of  doubt  as 
to  that  essential  point. 

Ah  it  five  weeks  after  my  return  to  Cambridge  I  received  (Nov. 
6\  ISnjt  unexpectedly  and  to  my  great  pleasure,  a  note  from  Mr. 
Salter  . .  u  whose  authority  the  lists  of  Westmoreland  fossils  given  in 
my  prri  lous  papers,  in  1845-1846,  had  been  made  out*),  containing 
thV  loll.) wing  critical  remarks: — "  In  your  most  complete  list  of 
*  iiw>  *  Letters  on  the  Geology  of  the  Lake  District.*  Hudson,  Keadat* 
INS; 


1852.]      SEDGWICK  ON  THE  LOWER  PALEOZOIC  ROCKS.  139 

fossils  from  the  Coniston  (or  Brathay)  flags  I  find  the  following : — 
1.  Cardiola.  2.  Creseis  (Orthoceras).  3.  Large  Orthoceratites. 
4.  Graptolites  Ludensis  (now  G.  priodon).  5.  Attract  ananas.  6. 
Asaphus  (Phacops)  caudatus.  7.  Atrypa  compressa"  I  may  re- 
mark, that  when  this  list  was  examined  and  determined,  these  flags 
were  regarded  as  upper  Silurian,  and  nearly  on  the  parallel  of  the 
Wenlock  shale.  "  Let  us  now  (adds  Mr.  Salter)  examine  these 
fossils  with  a  view  of  putting  them  in  the  upper  Bala  groups.  I 
should  not  now  call  them  upper  Silurian. .  .  .For  Cardiola  (1.)  oc- 
curs in  Llandeilo  flags  at  Builth ;  Creseis  (Orthoceras)  (2.)  is  plentiful 
in  Llandeilo  flags;  large  Orthoceratites  (3.),  species  not  named, 
prove  nothing,  and  large  smooth  species,  from  what  we  know  of  the 
Scotch  series,  are  quite  as  characteristic  of  older  rocks ;  Graptolites 
priodon  (4.)  is  known  to  he  plentiful  in  Llandeilo  flags;  Astrcea 
ananas  (5.)  is  also  found  in  Coniston  limestone ;  Phacops  obtusicau- 
datus  (6.)  is  described,  in  my  appendix  to  your  second  Fasciculus 
of  the  *  Cambridge  Paleeoxoic  Fossils'  (now  in  the  press),  as  a  per- 
fectly distinct  species,  allied  to  Phacops  caudatus ;  Atrypa  compressa 
(7.)  I  do  not  now  know.  So  you  see  every  quoted  species  may  be  as 
well,  nay  better,  interpreted  as  belonging  to  Bala  beds. ..." 

He  then  shortly  notices  the  very  meagre  list  of  fossils  derived  from 
the  Coniston  grits,  viz.  Cardiola  and  Orthoceratites ;  and  he  adds, 
"  As  Cardiola  is  so  plentiful  in  the  Coniston  flags,  no  wonder  it 
should  often  occur  in  the  grits ;  and  as  for  the  Orthoceratites,  they 
prove  nothing  against  the  grits  being  Caradoc.  The  species,  if  named 
rightly,  is  O.  Ibex,  and  this  occurs  in  the  Coniston  limestone ;  hut 
the  grit  specimens  are  not  good. .  . .  We  now  know  how  barren  the 
Caradoc  sandstone  often  is ;  and  that  (in  Westmoreland  and  Cum- 
berland) it  should  contain  some  fossils  from  the  beds  below,  is  no 
wonder."  The  previous  quotations  from  Mr.  Salter's  letter  are  given 
(as  far  as  possible)  word  for  word ;  and  are  perfectly  to  the  point. 

To  avoid  all  doubt,  I  sent  the  previous  list  of  seven  species,  with 
an  additional  query  respecting  Orthoceras  Ibex,  to  Professor  M'Coy, 
who  is  now  in  Ireland,  in  order  that  he  might  inform  me  how  he  had 
determined  their  geological  place  in  the  second  Fasciculus  of  the 
*  Cambridge  Palaeozoic  Fossils.'  The  proof-sheets  of  this  work  have 
for  several  months  been  under  revision ;  the  plates  and  catalogues 
were  finished  during  the  past  summer  ;  and  the  whole  work,  but  for 
the,  perhaps  unavoidable,  delays  of  the  University  Press,  would  before 
this  time  nave  been  published. 

His  reply  (dated  Nov.  12,  1851)  contains  the  following  critical 
remarks : — "  1 .  As  to  Cardiola  interrupta,  you  have  it,  from  the 
black  shales  north  of  Builth  (Llandeilo  group),  in  your  museum. 
2.  Of  the  other  Coniston  flag  fossils,  Creseis  (so  called)  is  common 
enough  in  the  same  black  shales  (Caradoc  shale).  3.  Orthoceratites 
prove  nothing,  the  species  being  undetermined.  4.  Graptolites  Lu- 
densis  (not  G.  priodon)  occurs  from  the  Scotch  graptolite-  slate  up 
to  the  Ludlow.  5.  Astrcea  ananas  (so  named  in  your  list)  has  no 
generic  or  specific  relation  to  that  Wenlock  species.  It  is  a  species 
of  Linnet  Sarcinula  organum  (first  described  as  British  in  '  Camb. 
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Fasc.'  p.  37),  and  is  extremely  common  in  the  Coniston  limestone 
localities,  and  not  found  higher  by  you.  6.  The  Asapkus  caudatus 
of  your  list  is  not  that  upper  species,  but  is  totally  distinct.  It  has 
been  described  and  figured  (Odontochile  obtusicaudatOj  Salt,  sp.)  in 
the  'Camb.  Fasc./  p.  161,  and  is  very  common  in  the  Bala  lime* 
stone  and  flags  of  Coldwell  (Coniston  group),  and  not  known  in  any 
higher  position.  7.  The  Atrypa  compressa  of  your  list  I  found  so 
labelled  in  your  collection.  It  has,  however,  no  generic  or  specific 
relation  to  that  fossil,  but  is  the  Siphonotreta  Angling  Mar.,  the 
only  other  known  specimens  of  which  were  found  in  the  Wenlock 
shale.  Therefore  this  fossil  list,  as  now  examined,  supports  your 
views ;  for  those  (very  few)  upper  Silurian  species  which  were  cor- 
rectly identified  from  the  first  are  well  known  to  exist  also  in  the 
undoubted  Bala  beds  and  Caradoc  shale  with  Trinucleus*  Ammtx* 
and  other  characteristic  Cambrian  forms.'*  I  may  iust  remark  that 
Prof.  M'Coy  has  in  the  first  instance  used  the  words  Caradoc  skmU 
incorrectly ;  for  I  have  never  used  these  words  to  describe  any  black 
shales  (although  such  do  sometimes  appear)  under  the  Caradoc 
sandstone.  The  black  shales  north  of  Builth  are  undoubtedly  a  part 
of  the  Llandeilo  or  Bala  limestone  group.  "  As  to  the  Ortkoceras 
Ibex  (he  adds),  the  specimens  I  have  named  in  your  museum  prove 
that  it  occurs,  in  my  opinion,  from  the  Upper  Ludlow  to  the  Coniston 
limestone  inclusive."  These  determinations  had  been  made  by  Prof. 
M'Coy,  without  a  view  to  any  previous  hypothesis;  and  seem  also 
to  be  conclusive  as  to  the  age  of  the  Coniston  flags.  On  this  point, 
he  and  Mr.  Salter  are  in  perfect  agreement. 

Should  I  receive  any  new  information  during  this  spring  respecting 
the  fossils  of  the  Coniston  grits,  I  shall  rejoice  to  communicate  it  to 
the  Society.  But  I  have  now  no  doubt  respecting  the  true  sequence 
of  the  deposits  between  the  central  group  of  Cumberland  and  the 
Old  Red  Sandstone.  The  successive  deposits,  when  arranged  in  the 
following  corrected  order,  agree  physically  and  zoologically  with  the 
whole  sequence  of  North  Wales — Cambrian  and  Silurian. 

Ascending  section  from  the  centre  of  Skiddaw  Forest  to  the  Car- 
boniferous Limestone  near  Kirkbg  Lonsdale. 

1 .  Granite ;  in  some  places  sending  veins  into  the  overlying  meta- 

morphic  Skiddaw  slate. 

2.  Mctamorphic  slate ;  near  its  base  resembling,  but  never  a  true, 

gneiss ;  quartz-rock ;  mica-slate ;  chiastolite  in  mass ;  cbiastolite- 
slate  gradually  passing  into  a  dark  glossy  clay-slate,  &c.  &c.  It 
is  traversed  near  the  granite  by  many  poor  metalliferous  veins 
containing  abundantly  many  well-known  Cornish  minerals,  such 
as  wolfram,  schorl,  apatite,  &c. 

3.  Lower  Cumbrian  group,  or  Skiddaw  slate ;  of  very  great  thick- 

ness. Prevailing  rock  a  dark  glossy  clay-slate  that  does  not  ef- 
fervesce with  acids.  Many  coarser  beds,"  irregularly  distributed* 
very  rarely  as  coarse  as  millstone  grit.  Fossils  very  rare — /V 
coids  and  Graptolites.    No  shells  found  in  it. 
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4.  Upper  Cumbrian  group.    (1.)  Great  stratified  contemporaneous 

masses  of  porphyry,  trappean  conglomerates  cemented  by  fel- 
s tone-porphyry,  trappean  shales  (schaalstein) — all  frequently 
alternating  with  great  beds  both  of  coarse  and  fine  cnloritic 
slate ;  altogether  of  enormous  thickness. 

(2.)  Coniston  limestone  and  calcareous  slate ;  partly  interlaced  with 
the  top  beds  of  the  preceding.    Thickness  200  or  300  feet. 

(3.)  Coniston  flagstone;  in  its  upper  beds  containing  here  and 
there  some  thin  calcareous  bands.    Thickness  about  1500  feet. 

Of  these  three  sub-groups,  (1)  represents  the  lower  Cambrian 
rocks  of  N.  Wales ;  (2)  and  (3)  represent  the  Bala  limestone 
and  the  beds  over  it;  and  therefore  represent,  though  on  a 
rather  degenerate  scale,  the  upper  Cambrian  groups  of  North 
and  South  Wales. 

5.  Coniston  grits.  Thickness  variable ;  on  the  average,  not  perhaps 

less  than  1500  feet.  The  exact  equivalent  of  the  Caradoc  sand- 
stone— the  lowest  group  of  which  the  true  relations  are  made  out 
in  the  sections  of  the  '  Silurian  System.' 

6.  Ireleth  slates;  composed,  in  the  ascending  order,  of — (1.)  Dark 

calcareous  slates.  (2.)  Calcareous  slates  with  concretionary  bands 
of  limestone.  (3.)  Upper  Ireleth  slates.  Collectively  of  great 
thickness ;  and  the  near  equivalents  of  the  Wenlock  shale  and 
limestone. 

7.  Coarse  slate,  flags,  grits,  fyc. ;  not  physically  well  separated  from 

the  preceding  group  of  Ireleth  slates ;  but  higher  in  the  section, 
and  therefore  approximately  the  equivalents  of  the  lower  Lud- 
low rocks,  and  of  great  thickness. 

8.  Rocks  of  Kirkby  Moor.  The  highest  group  of  the  series.  Fine  and 

coarse  flagstone,  coarse  bands  of  slate,  grits,  red  flagstone,  &c. 
It  is  the  equivalent  of  the  upper  Ludlow  rocks  and  Tilestone, 
and  abounds  in  upper  Ludlow  fossils. 

9.  Old  red  sandstone. 

10.  Carboniferous  limestone. 

This  arrangement  may  be  more  clearly  shown  in  the  accompany- 
ing table: — 

Paleozoic  Rocks  of  Cumbria. 

Carboniferous  Limestone. 

Old  Red  Sandstone.  ft* 

'  Flags  and  grits  of  Kirkby  Moor   800    =  Upper  Ludlow. 

Coarse  contorted  slate  and  gritstone   800    —Lower  Ludlow. 


SOorian 
Senes. 


Cambrian 
Series. 


T Upper  Ireletb  slates  ............  500") 

•  1 * 


Ireleth  slates.  \  Lower  Ireletb  /  Calcareous  slates  80  \  —  Wenlock  group. 
[     slates.      I  Dark  slates ...   200  J 

Coniston  grit    2000    « Caradoc  sandstone. 

f  Coniston  flagstone          1500 1  —  Upper  Cambrian  (Bala, 

#1?   r  .  .    x  J  Coniston  limestone          300  /      Sec)  of  N.  Wales. 

^^^{sute.^dporphyry...  10.000  } -^ambrUn  of  N. 

L  (Lower  Cumbrian.)  Sldddaw  slates   6000 

Metamorphic  slates. 
Granite. 

*  These  are  given  merely  as  approximate  measurements. 
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The  previous  arrangements  are  not  without  their  importance ;  for 
in  consequence  of  the  general  absence  of  fossils^  among  the  Cumbrian 
slates  and  porphyries,  one  might  have  started*  the  hypothesis,  that 
these  slates  and  porphyries  were  but  an  exaggerated  development  of 
the  upper  Cambrian  groups,  and  that  the  Skiddaw  slate  was  only  an 
expansion  of  the  dark  slates  at  the  bottom  of  the  Bala  group.  Such, 
indeed,  was  an  hypothesis  suggested  to  me,  in  conversation,  by  M. 
Barrande ;  but  it  is  clearly  untenable. 

The  descending  sections  of  Cumberland,  commencing  with  the 
Coniston  limestone,  are  far  more  vast  than  the  sections  of  Wales 
below  the  Bala  limestone;  although  we  include  therein  the  most 
deeply  seated  stratified  rocks  within  the  limits  of  the  Principality. 

§  2.  Sections  of  May  BUI,  Horderley,  and  Woolkope,  Sec. 

During  the  past  summer  I  had  the  great  advantage  of  visiting  a 
part  of  the  typical  Silurian  country  under  the  guidance  of  my  friend 
the  Rev.  T.  Lewis ;  and,  at  the  time,  I  had  not  the  remotest  hope  of 
adding,  during  a  very  short  visit,  any  scrap  of  information  worth  re- 
cording after  the  ample  details  published  by  Sir  R.  I.  Murcbison  and 
Professor  Phillips.  My  only  hope  was  that  I  might  add  a  few  good 
fossils,  new  or  old,  to  the  Cambridge  Museum.  I  may,  however,  be 
permitted  to  remark,  in  passing,  that  the  colour  for  the  Caradoc 
sandstone  ought  in  some  places  to  be  a  little  more  extended  than  it 
was  upon  the  original  map  of  the  4  Silurian  System/  for  immediately 
overlying  the  Caradoc  sandstone  of  the  Horderley  section  is  a  shale, 
with  abundant  specimens  of  Ampyx  and  Trinucleus,  which  runs  down 
to  the  bridge  over  the  Onny  a  little  below  Cheney  Longville.  This, 
perhaps  local,  deposit  might,  I  think,  be  conveniently  called  Caradoc 
shale ;  and  my  occasional  use  of  this  term,  during  past  years,  has,  I 
suspect,  led  Professor  M'Coy  into  the  slight  verbal  mistake  to  which 
I  before  alluded. 

Again,  it  seemed,  from  the  copious  details  published  by  Professor 
Phillips,  that  there  were  some  other  doubtful  lines  of  aemarcation 
even  among  the  most  typical  Silurian  groups.  To  detremine  any  of 
these  minute  and  critical  questions  would  have  required  a  detailed 
examination,  for  which  I  had  no  leisure ;  but  I  did  collect,  with  the 
help  of  Mr.  Lewis,  a  small  but  good  series  of  fossils  from  the  highest 
beds  of  the  Mav  Hill  section,  which  rise  immediately  from  beneath 
the  undoubted  Genlock  group.  This  series,  determined  by  Professor 
M'Coy,  was  as  follows : — 

Hatysites  catemtlatus  (Dudley). 

(2.)  Encrinurus  punctatus  (Dudley). 

(3.)  Pentamerus  microcawtents. 

(4.)  Leptagonia  depress*  (Dudley). 

(5.)  Lepta*n*  transrersalis  (Dudley). 

(6.)  Ortkis  turgid*  (?). 

(7.)  Spirigerim*  reticularis  (Bala  to  Devonian). 
(8.)  Stropkomena  pecten  (Dudley). 
(9.)  Hemthyris  navicula  (Ludlow). 
'10.)  EwmpAahu/knmtus  (Dudley). 
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In  reply  to  some  questions,  arising  out  of  this  list,  he  writes  as 
follows : — "  Of  the  above  ten  species  all  but  two  are  common  Dudley 
species.  One  of  these  two  seems  to  be  very  local,  and  the  other  is  of 
doubtful  identification.  All  the  corals,  of  which  I  have  unfortu- 
nately mislaid  the  list,  are  Wenlock  species ;  and  several  of  them 
have  not  hitherto  been  described  from  any  lower  beds.  Several  of 
the  above  shells  are  also  found  in  the  Caradoc  and  Bala  rocks ;  but 
some  of  them  (as  Euomphalus  funatus — very  abundant  at  May  Hill — 
and  Hemithyris  navicula)  are  not.  Lastly,  I  have  not  yet  found  in 
your  May  Hill  series,  Leptana  sericea,  or  any  of  those  common 
Caradoc  or  Bala  fossils  which  may  be  considered  as  characteristic, 
because  not  also  found  in  the  Dudley  and  Wenlock  series/'  Shall  we 
then,  in  such  a  case  as  this,  strike  off  the  upper  beds  of  the  Caradoc 
group,  and  pack  them  with  the  overlying  grpup  under  some  new 
name,  such  as  Wenlock-grits  ?  Provisionally  I  will  accept  what  ap- 
pears to  be  Professor  Phillips's  interpretation  of  such  phsenomena ; 
viz.  that  the  faunas  of  the  two  groups  are  not  separated  by  any  well- 
defined  geometrical  line,  but  rather  by  an  ambiguous  boundary,  near 
which  each  fauna  occasionally  overlaps  the  other.  But  the  above 
facts  do  seem  to  show  that  the  Caradoc  group  (the  lowest  Silurian 
group  ever  made  out  stratigraphically  by  the  author  of  the  ( Silurian 
System')  was  the  true  connecting  link  between  the  Silurian  and  Cam- 
brian series. 

Lastly,  1  may  shortly  notice  another  minute  question,  before  I  go 
on  to  more  general  considerations.  In  1846 1  spent  a  few  hours  with 
Dr.  Davis  in  looking  at  the  sections  near  Presteign ;  and  I  expressed 
an  opinion  that  the  Presteign  limestone  must  be  the  equivalent  of  that 
at  Woolhope.  I  did  not  then  remember  the  place  assigned  to  it  by  Sir 
R.  I.  Murchison.  Not  long  afterwards  my  friend  Mr.  Davis  read  a 
paper  before  the  Society  *,  in  which  he  briefly  alluded  to,  and  contro- 
verted, my  verbally  expressed  opinion.  In  reply,  I  at  the  time 
stated  the  grounds  on  which  I  had  arrived  at  it ;  viz.  that  the  Pres- 
teign limestone  rested  immediately  on  the  Caradoc  group,  without 
the  intervention  of  any  distinct  argillaceous  deposit ;  and  that  the 
same  limestone  was  overlaid  by  an  argillaceous  deposit,  which  seemed 
very  well  to  represent  the  Wenlock  shale.  The  position  of  this  lime- 
stone in  the  section  seemed,  therefore,  to  be  exactly  that  of  the  Wool- 
hope  limestone.  Mr.  Davis  also  published  a  copious  list  of  fossils 
from  the  Presteign  limestonef ;  and  as  they  agreed  generally  with  the 
well-known  Wenlock  species,  that  fact  was  considered  as  almost  con- 
clusive in  deciding  the  previous  question. 

Never  having  traversed  the  beautiful  Woolhope  sections  since 
1 834, 1  was  anxious  to  revisit  them  during  the  past  summer ;  and  in 
an  excursion  of  a  few  hours,  I  examined,  in  company  with  Mr.  Lewis, 
several  of  the  quarries  in  the  Woolhope  limestone;  and  obtained 
from  them  the  following  fossils,  which  have  been  named  by  Professor 
M'Coy:— 

Bumastus  Barriensis  (Wenlock). 
Phacops  caudatus  (Wenlock). 

*  Quart.  Journ.  Geol.  Soc.  vol  vii.  p.  432.  f  Loc.  cit.  p.  437.' 
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Spirigerina  reticularis  (Bala  to  Devonian). 

Leptatna  depress*  (Bala  to  Carboniferous). 

Strophomena  euglypha  (Wenlock). 

Strophomena  Pecten  (Bala  and  Wenlock). 

Homalonotus  Delphinocephalus  (Wenlock). 

Cornulites  serpularius  (Wenlock  and  Ludlow). 
Two  conclusions  seem  to  follow  from  such  a  list ;  first,  that  the 
fossil  lists  of  the  Presteign  limestone  (given  by  Mr.  Davis),  do  not 
prove  it  to  be  of  the  Wenlock  age ;  for  by  the  same  argument  wt 
might  identify  the  Wenlock  and  Woolhope  limestones,  although 
actually  separated  from  one  another  in  the  same  section ;  secondly, 
that  the  Woolhope  limestone  might  very  properly  have  been  called  a 
lower  Wenlock  limestone,  and  that  it  cannot,  with  propriety,  be  con- 
sidered as  the  highest  sub-group  of  the  Caradoc  sandstone.  These 
conclusions  seem  to  be  in  accordance  with  the  published  views  of 
Professor  Phillips. 

§  3.  Comparison  of  the  three  great  groups  of  the  Lake  Moun- 
tains, with  the  Cambrian  and  Silurian  groups  of  North  and  South 
Wales. 

I  will  first  enumerate  (in  ascending  order)  the  several  groups  into 
which  the  whole  Welsh  series  (Cambrian  and  Silurian)  may,  I  think, 
be  conveniently  subdivided ;  and  I  may  premise,  that  I  consider  all 
the  palaeozoic  rocks,  from  the  lowest  Cambrian  to  the  highest  Per- 
mian, as  one  system— the  primary  or  paleozoic  system.  This  primary* 
system  admits  of  three  great  subdivisions  ;  vis.  a  lower  subdivision, 
including  the  Cambrian  and  Silurian  series ;  a  middle,  including  the 
Devonian  series;  and  an  upper,  including  die  Carboniferous  and 
Permian  series.  These  three  subdivisions  belong  to  one  great  system* 
naturee,  the  subordinate  parts  of  which  often  pass  one  into  another, 
by  almost  insensible  gradations ;  although  the  species  in  the  several 
subdivisions  and  subordinate  groups  often  entirely,  or  almost  en- 
tirely, change*.  But  the  primary  system,  thus  defined,  differs 
entirely  from  the  system*  natures  of  the  secondary  system  ;  and,  in 
like  manner,  the  system*  natures  of  the  secondary  system  differs 
almost  entirely  from  the  system*  natures  of  the  tertiary  system. 
Lastly,  we  have  the  actual  systema  natures  of  the  living  world ;  hot 
between  the  tertiary  system  and  that  of  living  nature  no  one  has  yet 
drawn  any  intelligible  Une  of  demarcation. 

I  do  not  pretend  to  answer  a  question,  whether  the  primary,  se- 
condary, and  tertiary  systems  may  not,  in  progress  of  discovery,  he 
at  length  brought  in  a  similar  intimate  relation ;  neither  do  I  discuss 
a  question  respecting  the  expediency  of  any  further  subdivisions  of 
the  secondary  system.  A  good  classification  only  represents  the 
actual  condition  of  our  knowledge ;  and  the  following  remarks  relate 
only  to  the  classification  of  the  subordinate  groups  of  the  lower  pa- 
Iseosoic  system,  as  above  defined.   To  avoid  all  verbal  ambiguity,  sr 

•  Tfafe  viewof  raavdiaf  aO  the  Palsoeoic  rucks  at  of  «u  imtom  ■  not  new. 
It  hat  often  been  tttcn—eri  in  this  Society  i  and  it  wn  formally  advanced  by 
myself  in  1843.— /V*W.  GesL  Sbc.  toL  it.  p.  223. 
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wrangling  about  the  use  or  abuse  of  the  word  "  system/'  I  will  pro*, 
visionally  separate  the  whole  lower  paheosoic  series  into  two  great 
natural  subdivisions — Cambrian  and  Silurian ;  each  of  which  may  be 
again  subdivided  into  a  series  of  stages  or  groups,  which,  collectively, 
I  here  designate  by  the  names  Cambrian  Series  and  Silurian 
Series.  The  Cambrian  and  Silurian  collective  groups,  thus  defined, 
have  a  well-marked  physical  separation ;  and  the  Silurian  groups  are, 
not  unusually,  unconformable  to  the  Cambrian :  and  although  several 
fossils  are  common  to  the  two  collective  groups,  especially  near  the 
planes  of  junction,  yet  the  fossils  of  the  well-defined  lower  stages  of 
the  Cambrian  series  are  very  widely  distinct  from  the  fossils  of  the 
upper  stages  of  the  Silurian  series.  I  believe  that  this  is  the  case  in 
Wales  and  Siluria ;  and  I  am  certain  that  it  is  the  case  in  the  Cum- 
brian cluster  of  mountains.  The  fossils  of  the  Coniston  calcareous 
slates  hardly  reappear  at  all,  and  certainly  not  as  a  group,  among  the 
very  numerous  fossils  of  the  rocks  between  Kendal  and  Kirkby  Lons- 
dale  (Upper  Ludlow).  Hence,  on  mere  palseontolo^ical  grounds,  it 
would  produce  nothing  but  confusion  were  we  to  designate  the  Lud- 
low rocks  south  of  Kendal,  and  the  calcareous  slates  of  Coniston,  &c. 
as  one  system,  while  we  adopt  the  restricted  use  of  the  word  "system  " 
now  in  common  use. 

After  these  preliminary  remarks,  I  proceed  to  enumerate  the 
several  groups  into  which  the  whole  Cambrian  and  Silurian  series  may, 
I  think,  be  conveniently  separated.  I  profess  not  to  describe  the 
granite  and  other  igneous  and  unstratified  rocks ;  but  I  may  just 
notice  the  metamorpnic  slates  of  Anglesea  and  Caernarvonshire,  com- 
posed of  quartz-rock,  quartzose  mica-slate,  quartzose  chloritdc  slate, 
crystalline  limestone,  serpentine,  &c.  That  they  are  of  great  anti- 
quity is  certain ;  for  they  appear  to  underlie,  and  they  certainly  do 
not  overlie,  the  old  rocks  in  the  great  S.W.  promontory  of  Caernar* 
vonshire.  That  they  are  truly  hypozoic,  or  that  they  are  older  than 
any  of  the  unaltered  slate-groups  of  the  Principality,  is  by  no  means 
certain ;  but  these  are  points  quite  foreign  to  the  discussions  of  this 
paper. 

On  the  eastern  side  of  the  Menai  Straits  is  an  expansion  of  some 
dark  slates,  which  I  was  at  one  time  induced  to  consider  (hypothetic- 
ally,  however,  and  without  any  direct  proof)  as  the  lowest  unaltered 
slates  in  North  Wales,  and  perhaps  the  equivalents  of  the  Skiddaw 
slate.  In  1846  I  changed  this  view,  chiefly  on  mineral  evidence,  and 
arranged  the  dark  Menai  slates  in  the  same  group  with  the  black 
slates  of  Tremadoc.  The  change,  which  I  made  on  imperfect  evi- 
dence, has  been  since  established  on  better  evidence  by  Professor 
Bamsay  and  the  gentlemen  of  the  Government  Survey. 

The  whole  Cambrian  series  is  exhibited,  in  vast  undulations,  from 
the  Menai  to  the  Berwyns ;  and  a  part  of  it,  again,  in  a  system  of 
what  might  be  called  short  independent  waves,  on  the  east  side  of  the 
Berwyns,  until  the  last  beds  of  the  series  become  buried  under  the 
carboniferous  limestone.  But,  if  we  extend  our  views  to  the  north 
end  of  the  great  undulating  series,  we  find  (not,  however,  without  con- 
tinual breaks  and  dislocations)  the  prevailing  strike  and  dip  so 
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changed,  that  the  successive  beds  are  seen  to  plunge,  with  a  northern 
dip,  under  the  rocks  forming  the  base  of  the  great  deposits  of  Den- 
bigh flagstone  which  compose  the  true  Silurian  series  of  North  Wales. 
Iu  this  view,  the  physical  separation  of  the  Cambrian  and  Silurian 
series  is  not  hypothetical,  but  perfectly  natural ;  and  the  zoological 
separation,  taken  ou  the  whole,  is,  perhaps,  as  complete  as  the  phy- 
sical. Sections,  illustrative  of  these  points,  I  have  exhibited  many 
times  before  this  Society,  and  I  must  not  now  attempt  to  reproduce 
them. 

The  first  question  which  arises,  when  we  attempt  to  separate  the 
great  Cambrian  series  into  suboidinate  groups,  is  this : — What  is  the 
base  of  the  whole  series  ?  Properly  speaking,  there  is  no  true  mine- 
ralogies! base  in  North  Wales,  unless  we  take  the  metamorphic  rocks 
as  a  kind  of  hypothetical  base  ;  but  the  lowest  groups  of  the  whole 
series  may,  if  I  mistake  not,  be  seen  on  a  part  of  what  I  have  called 
"  the  great  Merioneth  anticlinal,'*  and  also  among  the  red-coloured 
slates  which  rise  from  below  the  great  quarries  of  Nant  Franeon  and 
Llanberris. 

If  this  conclusion  be  true,  there  are  two  base-lines,  on  either  of 
which  we  might  construct  an  ascending  section  through  the  Cambrian 
rocks ;  and,  knowing  the  importance  of  putting  this  view  to  the  test, 
I  employed  my  friend  John  Ruthven,  in  1 846,  to  seek  for  fossils  in  the 
dark  slates  of  the  Menai,  and  also  among  the  beds  which  form  the 
preat  ascending  section  east  of  the  Bangor  slate-quarries.  But  he 
fulled  in  finding  any  fossils  in  the  dark  slates,  and  we  both  failed  in 
finding  the  Lingula-beds  where  I  expected  them ;  although  it  was  ob- 
vious, from  analogy,  that  they  ought  to  be  found  a  little  above  the 
coarse  grits  (Harlech  grits)  which  overlie  the  Bangor  slates. 

During  the  following  year  I  wrote  to  my  friend  Mr.  Jukes,  inform- 
ing him  of  my  assumed  base-line,  and  of  the  position  I  had,  from  the 
2 1  rst,  given  to  the  Harlech  grits,  where  they  were  represented  in  the 
Caernarvon  chain ;  but  I  added  that  my  scheme  was  defective  in  fossil 
-  idence,  since  I  had  failed  in  discovering  the  Lingula-flags  above  the 
beds,  which  seemed  very  well  to  represent  the  Harlech  grits.  In  his 

ply  he  informed  me  that  Professor  Ramsay  and  his  fellow-labourers 
li id  found,  and  found  in  their  right  place,  the  beds  for  which  I  had 
more  than  once  sousht  in  vain.    I  have  stated  these  facts,  in  a  few 

utences,  to  show  that  I  have  no  wish  to  appropriate  to  myself  dis- 
coveries which  are  due  to  others,  and  that  I  nave  never  put  forward 
ntiy  views  respecting  the  grouping  of  the  Cambrian  series  in  a  rash 
and  hypothetical  spirit.  I  now  consider  it  beyond  all  doubt  that 
there  are,  as  stated  above,  two  base-lines  (on  the  same  geological  ho- 
i  son),  on  which  we  might  proceed  to  construct  the  successive  groups 
of  an  ascending  natural  section  through  the  Cambrian  and  Silurian 
hiries. 

The  Bangor  group  (No.  1). — In  the  accompanying  tabular  view 
under  the  term  44 Llanberris  slates"  are  included  not  merely  the 
slates  of  the  great  quarries  of  Llanberris  and  Nant  Franeon,  but 
a  series  of  slates  and  nard  grits,  with  a  few  bands  of  porphyry,  which 
undulate  towards  the  west,  and  are  partly  cut  off  by  a  great  mass  of 
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felstooe-porohyry,  and  partly  buried  under  drift.  The  Harlech  grits 
make  a  well-denned,  and  sometimes  a  very  striking  feature  in  the 
chains  of  Caernarvonshire  and  Merionethshire.  They  may  be  traced 
almost  continuously  from  Aber,  and  thence  on  the  eastern  side  of  the 
fine  of  slate-quarries  into  the  great  precipices  of  Craig  Goch ;  forming 
mat  gnarled  masses  of  rock  as  coarse  as  millstone-grit,  often  beauti- 
fully jointed,  sometimes  with  traces  of  cleavage-planes,  and  often 
alternating  with  very  thin  bands  of  chloride  slate.  Again,  they  are 
well  seen  near  Trowsfynydd,  and  afterwards  on  both  sides  of  the  great 
Merioneth  anticlinal ;  and  they  form  the  most  striking  features  of 
the  Rhinog  Fawr  chain,  dipping  towards  the  N.W.  But  this  dip  is 
reversed  by  a  synclinal  curve,  and  the  same  great  beds  of  grit  are 
brought  to  the  coast  at  Barmouth  and  Harlech,  bearing  within  their 
trough  some  of  the  lower  beds  of  the  Festiniog  group.  On  this  latter 
point  I  ought  not,  however,  to  write  with  confidence,  as  I  have  never 
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e.  Upper  Ludlow   400 

b,  Aymestry  limestone ...  100 

a.  Lower  Ludlow   500 

c.  Wenlock  limestone  ...  100 

b.  Wenlock  shale   800 

a.  Lower  Wenlock,  or 

Woolhope  limestone  100 

a.  Caradoc  sandstone, 
limestone,  and  shale..  1500 

b.  Upper  Bala  (including 

Bala  and  Hirnant  lime- 
stones, shale,  flagstone, 
and  conglomerate) ...  4000 

a.  Lower  Bala;  dark  slates, 

flags,  and  grits    4000 
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phyry   7000 

b.  Tremadoc  slates    1000 

a.  Lingula  flags   500 

rb.  Harlech  grits   500 
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*  These  measurements,  like  those  in  the  preceding  table  of  the  Cumbrian 
Bocks,  p.  141,  are  merely  approximative. 
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crossed  the  Rhinog  Fawr  chain  since  1832.  Lastly,  the  Harlech 
grits  form  the  extreme  point  of  the  promontory  south  of  Tremadoc ; 
and  they  may  be  traced  round  the  great  southern  headland  of  Caer- 
naironshire  from  8t.  Tudwal's  Island  to  Hell's  Mouth.  I  hare 
thought  this  short  explanation  necessary,  in  order  to  show  what  is 
here  meant  by  the  lowest  Cambrian  group  of  the  Tabular  View. 

The  Festimog  group  (No.  2),  taken  collectively,  and  where  it  is  well 
developed,  is  not,  I  think,  less  than  9000  or  10,000  feet  in  thick* 
nets.  Its  lowest  sub-group  f  Lfogula-flajgs)  is  best  seen  to  the  south 
of  Festiniog  and  Tremadoc ;  out  for  details  respectmg  it,  I  must  refer 
to  my  former  papers.  The  mineral  structure  of  the  Tremadoc  slates 
is  very  peculiar.  It  is  sometimes  penetrated  by  metalliferous  veina, 
and  it  contains  beds  or  large  concretionary  masses  of  magnetic  and 
pisolitic  iron  ore.  This  iron-ore  is  a  good  finder  for  the  group,  aa  I 
can  assert  on  personal  experience.  It  exists,  for  example,  in  the 
country  east  of  St.  Tudwal's  Road,  in  the  black  slates  between  Clvnog 
and  the  Rivals,  at  Tremadoc,  on  the  east  side  of  the  Merioneth  an- 
ticlinal, and  on  the  N.W.  flank  of  Cader  Idris  ;  and  in  all  these  places 
it  defines  the  position  of  the  sub-group,  whatever  other  mineral  mo- 
difications it  may  have  undergone. 

The  third  sub-group,  Arenig-slates  and  porphyries,  is  of  vast  thick- 
ness, and  in  general  structure  is  almost  the  exact  counterpart  of 
the  green-slates  and  porphyries  of  Cumberland.  The  whole  mass  is 
stratified  very  regularly,  and  in  its  upper  portion  are  irregular  con- 
cretionary beds  of  dolomitic  altered  limestone,  without  fossils.  Hie 
trappean  beds,  whether  erupted  or  recomposed  (such  as  trappean 
conglomerates,  trap-shale,  &c.),  are  of  very  variable  thickness  ;  and 
where  they  are  degenerate,  the  regular  slates  expand,  and  sometimes 
contain  fossils.  Arenig  and  Cader  Idris  may,  perhaps,  be  near  the 
centres  of  plutonic  eruption ;  but  they  are  regularly  stratified,  and 
I  never  found  among  them  any  which  I  thought  true  subaerial  pro- 
ducts. 

The  Bala  group  CSo.  3)  is  also  of  great  thickness.  It  may  be 
divided  into  two  sub-groups,  the  lowest  member  of  which  b  finely 
developed  in  a  mountain-ridge  of  dark  pyritous  and  rather  earthv 
slates  (in  some  places,  however,  forming  a  good  roofing-slate),  which 
overlies  the  S.E.  flank  of  Cader  Idris :  the  same  dark  slates  appear 
on  the  east  side  of  Arenig.  But  I  must  not  here  describe  the  great 
succession  of  earthy  and  arenaceous  deposits,  slates,  flag-stones,  &c* 
often  highly  fossiliferous,  and  more  or  less  calcareous,  which  form  the 
lower  Bala  group,  and  conduct  us  to  the  Bab-limestone.  For  details 
I  must  refer  to  my  published  papers  and  abstracts. 

The  Upper  Bala  group  (No.  3,  6),  in  North  Wales,  cannot,  I  think, 
be  less  than  4000  feet  in  thickness ;  it  begins  with  the  Bala-lime- 
stone,  to  the  east  of  Bala,  and  includes  the  Hirnant  limestone  and 
shelly  sandstone;  and  it  includes,  near  its  upper  surface,  some  are- 
naceous flagstones ;  and  (if  I  have  not  misinterpreted  some  obscure 
sections)  ends  with  dark  indurated  shales,  here  and  there  passing  into 
a  bad  pyritous  roofing-slate. 

Over  the  group  last-noticed  is  a  series  of  beds  of  considerable 
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thickness,  made  up  of  arenaceous  flags  and  grits,  sometimes  of  coarse 
structure.  It  occupies  a  trough,  on  the  east  side  of  which  the  Bala- 
limestone  is  repeated  over  again.  This  arenaceous  deposit  was  the 
highest  member  of  my  original  Cambrian  series ;  and  I  need  not  in- 
form the  Society  that  it  is  now  identified,  in  the  Government  Survey, 
with  the  Caradoc  sandstone. 

Beyond  this  eastern  line  of  the  Bala-limestone,  there  is  an  outcrop 
of  older  Cambrian  rocks*  ;  after  which  the  whole  sequence  is  broken 
by  enormous  faults.  The  strike  of  the  beds  is  suddenly  shifted ;  irre- 
gular and  newer  fossiliferous  beds  appear  on  the  east  side  of  the  Ber- 
wyns  in  a  state  of  extreme  contortion,  and  with  a  new  strike.  But 
through  the  range  of  these  contorted  beds  runs  an  irregular  axis  of  an 
older  Cambrian  group,  which  throws  the  shelly  masses  on  one  side 
towards  the  north,  and  on  the  other  towards  the  south.  On  the 
north  side  they  are  finally  carried  under  the  Denbigh  flagstone ;  to 
the  south,  after  many  undulations,  they  pass  under  the  flagstone  series 
of  Meifod  and  Welsh  Pool. 

That  the  flagstones  of  Welsh  Pool  and  Denbighshire  were  nearly 
on  one  parallel,  I  never  had  a  doubt  since  1832.  They  both  be- 
longed to  one  series,  afterwards  called  "  Upper  Silurian."  But  what 
were  the  limestones  and  shelly  sandstones  of  Meifod  and  Llansain- 
ffraid  ?  I  could  connect  the  iJansainffraid  beds  with  the  beds  at  the 
north  end  of  the  Berwyns  by  an  unbroken  line  of  strike ;  and  there- 
fore the  LlansainfFraid  beds  (and  consequently  the  Meifod  beds)  were 
a  part  of  the  Cambrian  series  ;  and  the  fossils  seemed  to  sanction  this 
conclusion,  for  the  Meifod  fossils  and  Bala  fossils  seemed  to  be  almost 
identical  in  species. 

Such  is  the  great  Cambrian  series,  as  determined  by  myself,  after 
nearly  nine  months  of  hard  labour,  during  the  summers  of  1831  and 
1832  ;  and  such  was,  on  all  essential  points,  the  account  I  gave  of  it 
before  the  British  Association  in  1833, — a  great  series  of  deposits, 
commencing  to  the  east  of  the  Menai,  and  rolling  through  the  moun- 
tains in  rapid  undulations,  till  the  base-line  is  repeated  m  the  Merio- 
neth anticlinal.  From  this  base-line  to  the  top  of  a  portion  of  the 
Berwyns,  the  whole  series  is  exhibited  in  an  ascending  section,  which 
displays,  in  order,  the  four  successive  groups  of  the  tabular  view, 
collectively  not  less  than  20,000  feet  in  thickness. 

We  now  know,  through  the  noble  map  published  under  the  direc- 
tion of  Sir  H.  De  la  Beche,  that  the  highest  group  of  the  great 
ascending  section  is  the  equivalent  of  the  Caradoc  sandstone  of  the 
"Silurian  System/'  Hence  this  group,  as  interpreted  by  the  Go- 
vernment Surveyors,  would  be  common  to  the  Cambrian  and  Silurian 
rocks,  described  by  Sir  R.  I.  Murchison  and  myself, — the  highest 
Cambrian  group  of  my  section  being  coincident  with  what  they  re- 
gard as  the  true  Caradoc  sandstone ;  and  it  is  this  supposed  overlap 
which  introduces  the  only  real  ambiguity  in  the  development  and 
nomenclature  of  the  lower  palaeozoic  rocks  of  North  Wales  f. 

*  Proceed.  Geol.  Soc.  vol.  iv.  p.  253. 

t  To  make  this  more  clear,  I  may  state,  that  the  Caradoc  sandstone  of  the  well- 
known  Horderley  section  contains  numerous  fossils  of  the  Bala  group,  and  none  of 
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After  these  remarks,  we  are  at  once  prepared  to  compare  the  rocks 
developed  in  the  great  transverse  sections  of  the  Welsh  and  Cambrian 
mountains.  The  lower  Cambrian  groups  (Bangor  and  Festmiog, 
Nos.  1  and  2  tabular  view)  are  amply  represented  by  the  green  slates 
and  porphyries  of  Cumberland.  The  upper  Cambrian  eroups  (Bala  and 
Caradoc,  Nos.  3  and  4)  are  (however  imperfectly  in  thickness)  clearly 


Diagram  illustrating  the  Comparative  Development  of  the  Silurian 
and  Cambrian  Rock*  in  Wales  and  Cumbria,  respectively. 
Cambbia.  Cumbria. 


represented  bv  the  Coniston  limestone,  flagstone,  and  the  hard  coarse 
grits  of  the  Westmoreland  sections. 

The  equivalents,  in  the  North  of  England,  of  the  Wenlock  and 
Ludlow  groups  (Nos.  5  and  6)  have  already  been  noticed.  Using  the 
words  "Silurian  System  "  in  any  definite  sense,  these  are  the  groups 
which  truly  and  exclusively  belong  to  it  as  a  system ;  for  the  Caradoc 

the  characteristic  Wcnlock  species ;  while  the  so-called  Caradoc  sandstone  Of  May 
Hill  contains  the  Wenlock  fossils  in  abundance,  and  none  of  the  characteristic 
Cambrian  types.  But  is  there  a  single  section  in  which  these  two  distinct  icroups 
of  fossils  appear  together  in  one  stage  ?  If  no  such  section  can  be  found,  why  may 
we  not  suppose  thst  the  Caridoc  sandstone  of  May  Hill  is  a  group  superior  to  the 
Caradoc  sandstone  of  Horderley  ?  Should  we  ever  be  able  to  answer  this  Question 
in  the  affirmative,  the  ambiguity  alluded  to  in  the  text  would  be  at  an  end.  The 
statement  here  given  is  drawn  from  the  fossil  evidence  supplied  by  the  Cambridge 
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group  (No.  4)  belongs,  palseontologically,  more  to  the  Cambrian  than 
to  the  Silurian  series. 

Before  I  left  the  Principality  in  1832, 1  made  some  hasty  traverses 
through  the  lower  paleeozoic  rocks  of  South  Wales,  between  the  "  Si- 
lurian System"  and  the  coast  of  Cardiganshire.  In  each  traverse 
I  met  with  the  same  kind  of  perplexing  undulations, — slate-rocks, 
flagstones,  grits,  sandstones,  and  conglomerates  repeated  again  and 
again.  As  a  general  rule,  the  conglomerates  seemed  most  largely 
developed  near  the  western  limits  of  the  several  sections,  where  the 
higher  mountain-ridges  ended,  and  lower  ridges  of  rocks,  afterwards 
called  Silurian,  began;  and,  as  another  general  rule,  the  rocks 
forming  the  immediate  outskirts  of  the  mountain-ridges  dipped 
towards  the  interior,  so  as  not  (at  least  in  appearance)  to  pass  under 
these  Silurian  rocks. 

What  then  was  the  age  of  this  undulating  system  of  Cardiganshire, 
Ac.  ?  It  was  superior  to  the  great  group  of  Cader  Idris  (No.  2,  c. 
of  the  tabular  view).  Many  portions  of  it  were  superior  to  the  Bala 
limestone.  This  was  proved  to  demonstration  by  the  sections  at  the 
south  end  of  the  Berwyn  chain  near  Mallwyd.  Hence  the  whole 
system  represented  No.  3  and  No.  4  of  the  present  tabular  view ; 
and,  agreeably  to  a  nomenclature  I  afterwards  adopted,  was  a  great 
expanded  development  of  the  Upper  Cambrian  series*. 

I  had  two  objects  in  making  these  rapid  traverses  through  the  older 
rocks  of  South  Wales ;  viz.  to  make  out  so  much  of  the  general 
structure  of  the  country,  as  to  learn  how  I  might  best  attack  it  during 
the  following  summer ;  and  especially  to  find  the  prolongation  of  the 
Bala  limestone  or  its  equivalents.  Another  summer  came,  during  all 
the  early  months  of  which  I  was  crippled  and  unable  to  wield  ahammer ; 
and,  as  for  the  Bala  limestone,  I  neither  found  it,  nor  could  I  ever 
make  out  with  any  certainty  what  was  its  exact  representative  among 
the  undulating  masses  of  South  Wales.  As  to  the  groups  afterwards 
called  the  Llandeilo  flags,  and  the  other  beds  afterwards  coloured 
Silurian  in  the  '  Silurian  System,'  it  formed  no  part  of  my  task,  nor 
had  I  any  time  to  study  their  relations.  I  knew  that  the  author  of 
the  '  Silurian  System '  had  placed  them  over  the  great  undulating 
slate-rocks  of  South  Wales ;  and  in  two  places,  where  I  gave  them  in 
1832  a  passing  look,  I  saw  them  apparently  dipping  under  undoubted 
newer  groups,  now  known  as  Upper  Silurian. 

My  object  in  this  retrospect  is  to  show,'that  before  I  studied  a 
single  section  under  the  guidance  of  the  author  of  the  '  Silurian 
System,'  and  long  before  I  had  exchanged  a  word  of  amicable  con- 
troversy with  him,  my  conception  of  the  relations  of  the  great  Cam- 

*  In  formerly  using  the  terms  "  Upper  Cambrian  System  "  and  "  Lower  Cambrian 
System/'  I  neither  asserted  nor  believed  that  the  two  series  were  capable  of  being 
separated  by  distinct  groups  of  fossils.  All  the  evidence  I  had  before  me  rather 
tended  to  an  opposite  conclusion.  The  terms  seemed,  however,  convenient,  as 
giving  us  a  good  physical  subdivision  of  a  great  complicated  series  of  deposits, 
and,  at  the  time  1  first  adopted  them,  were  perfectly  in  agreement  with  the  lan- 
guage current  among  geologists, — simply  designating  a  series  of  groups  considered, 
at  a  matter  of  convenient  arrangement,  apart  from  the  rest  of  the  groups  in  a  general 
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brian  series  was  exaetlj  what  it  is  now.   At  the  end  of  the  summer 

of  1832  I  had  made  no  mistake  in  principle  in  mj  mterpretatkm  of 
the  phenomena  of  North  and  South  Wales,  so  far  as  I  had  staffed 
them ;  and  most  of  my  best  sectional  illustrations  of  the  structure 
of  Wales,  published  afterwards  in  successive  papers,  have  been  copied, 
line  for  line,  from  sections  made  in  the  field  during  the  summers  of 
1831  and  1832. 

$  4.  Historical  retrospect  of  attempts  to  unite  the  Cambrian  and 
Silurian  rocks  in  a  continuous  section. 

In  1834  I  studied  for  the  first  time  the  Silurian  types  under  the 
guidance  of  my  fellow-labourer  and  friend,  the  author  of  the  •  8flu- 
tian  8ystem' ;  and  I  was  so  struck  by  the  clearness  of  the  natural 
sections  and  the  perfection  of  his  workmanship,  that  I  received,  I 
might  say,  with  implicit  faith  every  thing  which  he  then  taught  me. 
We  did  not,  however,  discuss  or  examine  together  the  base-line  of  his 
system ;  nor  did  I  then,  or  ever  afterwards,  comprehend  the  evidence 
on  which  he  attempted  to  define  its  limits.  The  whole  44  8flurian 
System  "  was,  by  its  author,  placed,  as  before  stated,  above  the  great 
undulating  slate-rocks  of  South  Wales ;  although  the  only  sections  I 
had  personally  examined  in  1832  rather  seemed  to  indicate  a  ccav 
trary  position.  I  knew  the  labour  he  had  bestowed  on  his  Map,  and 
that  he  had  traced  his  base-line  through  a  distance  (following  its 
sinuosities)  of  at  least  200  miles.  Hence,  although  I  saw  no  good 
reason,  either  physical  or  paUeontological,  for  fixing  the  base-line  of 
his  system  exactly  where  he  placed  it,  I  did  not  at  that  time  enter* 
tain  a  thought  that  he  might  perhaps  have  mistaken  the  geological 
relations  of  his  lowest  groups. 

After  making  a  partition  of  the  country,  in  which  all  the  forma* 
lions  to  the  north  of  Meifod  fell  to  my  lot,  my  fellow-labourer,  at 
my  request,  made  a  traverse  with  me  through  the  undulating  cal- 
careous and  fossiliferous  rocks  between  Meifod  and  I  J— ;  and 
he  identified,  without  any  reserve,  the  Meifod  series  with  his  most  typi- 
cal form  of  Caradoc  sandstone ;  and  an  outlying  mass  of  calcareous 
slate  above  Llanrhaidr,  he  pronounced  to  be  Llandeilo  flag.  I  Tttmo* 
tantly  accepted  these  two  detenninations ;  for  they  involved  the  upper 
divisions  of  my  Cambrian  sections  in  most  perplexing  difficulties,  re- 
specting which  I  had  no  misgivings,  when  in  1833  I  explained  my 
sections  of  the  Welsh  series  to  the  British  Association. 

We  then  traversed  the  Berwyn  chain  to  Bala ;  and  from  the  top 
t)f  the  pass  I  explained  to  him  the  position  of  the  whole  Bala  group, 
extending  to  the  foot  of  the  Great  Arenig,  the  position  of  the  Bala 
limestone  in  the  group,  and  the  beds  over  the  Bala  limestone,  which 
at  the  south  end  of  the  chain  were  sent  off  in  great  undulations,  and 
formed  a  considerable  part  of  the  Upper  Cambrian  groups  of  South 
Wales. 

We  then  collected  fossils  from  the  limestone-quarries  near  Bala ; 
and  a  glance  of  the  eye  was  enough  to  show,  that,  as  a  group,  they 
nearly  agreed  with  the  (so-called)  Caradoc  fossils  of  Meifod*  Yet 
such  was  the  conviction  produced  by  the  sections  from  the  top  of  the 
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Berwyns  to  Bala,  that  my  friend  left  me  (and  it  was  the  last  time  we 
erer  met  to  work  together  in  North  Wales)  with  a  most  express  de- 
claration that  the  Bala  groups  could  not  be  brought  within  the  limits 
of  Me  system.  At  that  time  therefore  (1834)  he  knew  that  the  lower 
beds  of  the  Silurian  series,  and  the  upper  beds  of  the  Cambrian  series, 
could  not  be  at  once  separated  by  their  fossils.  And  this  opinion 
has  been  expressed  by  me,  again  and  again,  in  my  published  papers, 
as  well  as  in  the  reiterated  discussions  before  this  Society. 

Such  was  my  confidence  in  the  decisions  of  my  friend  on  any 
question  respecting  Silurian  rocks,  that  I  accepted  his  determination 
of  the  Meifod  group,  I  might  say,  with  implicit  faith,  and  set  it  down 
as  Caradoc.  But,  m  that  case,  the  beds  of  Glyn  Ceiriog,  and  many 
other  beds  on  their  strike,  and  skirting  the  northern  limits  of  my 
Cambrian  series,  must  also  be  Caradoc.  I  supposed,  therefore,  that 
several  masses  of  calcareous  slate  (such  as  those  of  Cader  Dinmael, 
Penmachno,  &c.)  might  have  been  put  in  a  false  position  in  my  field- 
sections  ;  and  that  in  truth  they  might  be  subordinate  to  the  con- 

gomerates,  grits,  and  flagstones,  &c,  which  range  not  far  from  the 
oiyhead  Road,  at  the  base  of  the  Denbigh  flags ;  in  which  case  they 
must  come  into  a  true  Caradoc  group.  Such  was  the  hypothetical 
conclusion  to  which  I  was  driven. 

I  had  then  no  opportunity  of  putting  this  hypothesis  to  the  test ; 
but  the  next  time  I  visited  North  Wales  (1842),  in  company  with 
Mr.  Salter,  I  found  at  once  that  the  calcareous  slates  above-mentioned 
were  not  subordinate  to  the  group  I  had  called  Caradoc  sandstone. 
On  the  contrary,  they  were  all  undoubtedly  subordinate  to  the  great 
Bala  group,  and  therefore  a  part  of  my  Cambrian  series.  It  followed, 
therefore,  that  I  had  hypothetically  tortured  the  upper  groups  of  my 
Cambrian  series  to  make  them  fit  to  the  lower  groups  of  the  Silurian 
series.  In  this  I  had  done  wrong ;  for  the  event  has  proved  that  my 
Cambrian  sections  were  right  in  principle,  while  the  lower  groups  of 
the  Silurian  sections  were  wrong.  From  this  time  (1842),  I  began  to 
lose  my  confidence  in  the  stability  of  the  base-line  of  the  "  Saurian 
System." 

Prom  1834  to  1842  I  had  accepted  Sir  R.  I.  Murchison's  conclu* 
sion,  and  made  the  Meifod  beds  Caradoc  or  Silurian,  and  the  Bala 
beds  Cambrian ;  but  the  only  hypothesis  on  which  this  conclusion 
could  be  maintained  was  dissipated  at  the  first  so-called  Caradoc 
quarry  which  I  examined  in  1842  in  company  with  Mr.  Salter.  I 
need  not  allude  to  our  joint  labours  in  1842  and  1843.  I  did  not 
during  those  two  summers  alter  a  single  important  line  in  my  Cam- 
brian sections ;  but  what  did  the  subdivisions  of  the  sections  mean  f 
That  was  to  be  settled  by  the  fossils,  and  I  had  a  friend  with  me  who 
could  give  me,  I  thought,  an  oracular  response.  He  concluded  on 
fossil  evidence,  and  the  conclusion  was  borne  out  by  the  sections,  that 
the  Meifod  and  Glyn  Ceiriog  and  Bala  beds  were  nearly  on  one  par- 
allel. Hence,  if  the  Meifod  beds  were  Caradoc,  the  Bala  beds  must 
also  be  Caradoc,  or  very  nearly  on  its  parallel.  But  if  so,  it  followed 
almost  of  necessity,  that  the  great  undulating  masses  of  sandstone 
between  Mallwyd  and  Can  Office  must  be  Upper  Silurian.    And,  by 
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like  reasoning,  it  also  followed,  that  the  grits,  conglomerates,  coarse 
slates,  &c,  which  ranged  under  the  Denbigh  flags  on  the  north  side 
of  the  Holyhead  Road,  and  then  ran  down  almost  to  Conway,  most 
be  Upper  Silurian.  The  fossils  of  these  rocks  were  examined,  and 
they  were  determined  to  be  Upper  Silurian.  With  one  exception 
(the  quarry  of  Plas  Madoc),  they  were  few  in  number  and  ill-pre- 
served ;  and,  as  they  belonged  to  a  group  like  that  of  May  Hill  (above 
alluded  to),  no  wonder  that  they  were  called  Upper  Silurian* 

In  ray  own  unassisted  examination  of  these  rocks  in  1831  and  1832, 
I  called  the  beds  over  the  calcareous  slates  of  Mallwvd,  which  ex* 
tended  in  undulations  to  Can  Office,  Upper  Cambrian;  and  my 

a per  Cambrian,  as  before  stated,  did  include  the  Caradoc  sandstone, 
e  grits,  conglomerates,  &c.  under  the  Denbigh  flags,  I  set  down  as 
Caradoc,  partly  on  what  I  was  able  to  make  of  the  fossil  evidence ; 
but  mainly  on  the  fact,  that  the  beds  in  question  seemed  to  overlie 
my  Cambrian  series  unconformably.  My  previous  determination  (in 
1 832)  was  right,  and  our  new  determination  in  1 843  was  wrong.  But 
far  be  it  from  me  to  blame  my  friend  Mr.  Salter  for  it.  He  rightly 
translated  the  rocks  we  saw  into  the  Silurian  tongue ;  but  that  tongue 
misled  us  both.  In  point  of  fact,  we  were  attempting  an  impossi- 
bility,— we  were  endeavouring  to  join  my  Upper  Cambrian  series, 
which  was  rightly  interpreted,  to  the  lower  beds  of  the  Silurian  series 
which  had  been  wrongly  interpreted  and  shifted  out  of  their  tins 
place  in  the  great  continuous  Cambrian  sections. 

All  my  papers,  of  which  there  is  any  notice  in  our  Proceedings,  or 
Journal,  between  1843  and  1846,  necessarily  partake  of  the  mistakes 
to  which  I  have  just  pointed.  If  the  Bala  limestone  was  a  Caradoc 
limestone,  the  Upper  Cambrian  system  must  vanish  from  my  map. 
I  therefore  adopted  a  new  nomenclature  in  my  paper  in  the  first  num- 
ber of  our  Journal  *.  The  whole  series,  Cambrian  and  lower  Sim* 
rian,  I  called  Protozoic.  The  Upper  Protozoic  groups  were  on  this 
scheme  the  equivalents  of  the  Lower  Silurian  rocks.  The  Lower  Pro- 
tozoic  groups  were  what  I  had  before  called  Lower  Cumbrian ;  and 
these  groups  were  the  only  Cambrian  series  that  remained  in  this  new 
scheme  of  nomenclature.  But  when  I  speak  of  my  paper  in  the  first 
number  of  our  Journal  (and  vol.  tv.  of  the  Proceedings),  I  sneak  in- 
accurately. The  paper  is  not  mine,  and  I  disclaim  its  authorship.  It 
is  a  condensed  abstract,  made  by  Mr.  Warburton  (when  President)  of 
two  papers  read  by  myself  to  this  Society.  This  abstract  was  printed 
while  I  was  in  residence  at  Norwich.  I  applied,  again  and  again,  for 
a  sight  of  the  proof-sheets  as  they  were  passing  through  the  press ; 
but  I  applied  in  vain.  The  President  refused  my  application,  and 
for  what  reason  I  never  could  divine.  The  abstract  is,  however,  very 
carefully  made ;  but  from  a  want  of  a  short  running  comment,  which 
I  could  have  given  in  a  few  lines,  it  is  hardly  possible  to  make  out 
the  comparative  meaning  of  the  sections ;  and  there  are  a  few  mis- 
takes introduced  into  them,  perhaps  not  worth  noticing  in  this  place. 
But  the  map,  with  its  explanation  of  the  colours,  plainly  shows  thai 
Mr.  Warburton  did  not  comprehend  the  very  drift  and  object  of  my 
*  *  See  atooProc-GsoLSoc.  vol.  b.  p.  251-266. 
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papers.  I  used  the  word  Protozoie  to  prevent  any  wrangling  about 
the  words  Cambrian  and  Silurian.  I  gave  one  colour  to  the  whole 
Protozoie  series,  only  because  I  did  not  know  how  to  draw  a  clear 
continuous  line  upon  the  map  between  the  upper  Protozoie  (or  lower 
Silurian)  rocks  and  the  lower  Protozoie  (or  lower  Cambrian)  rocks. 
This  was  stated  to  the  Society  when  my  papers  were  read ;  nor  did  I 
ever  dream  of  an  incorporation  of  all  the  lower  Cambrian  rocks  in  the 
system  of  Siluria.  Yet  as  I  discovered  (to  my  no  small  astonishment), 
for  the  first  time  during  the  past  week,  he  has,  in  an  explanation  of 
the  Protozoie,  and  colourless,  portion  of  the  map,  written  "  Lower 
Silurian  (Protozoie),"  thereby  stultifying  my  whole  paper,  the  very 
gist  and  object  of  which  was  to  show  that  there  was  a  great  series  of 
groups — lower  Protozoie  (or  lower  Cambrian) — below  the  lowest 
rocks  of  the  "  Silurian  System  *." 

After  the  erroneous  identification  of  the  Upper  Bala  and  Caradoc 
groups  in  1843  (to  which  I  was  driven  by  the  identification,  above 
mentioned,  of  the  Meifod  and  Caradoc  groups),  I  believed  that  many 
of  the  South  Welsh  undulating  slate-rocks  would  prove  to  be  upper 
Silurian.  I  put  the  hypothesis  to  the  test  in  several  traverses  through 
South  Wales,  made  along  with  my  friend  John  Ruthven  in  1846.  In 
this  country,  which  I  had  never  visited  since  1834,  we  found  fossils 
on  every  line  of  traverse,  and  all  of  them  were  of  the,  so  called,  lower 
Silurian  types.  It  was  plain,  therefore,  that  the  Bala  limestone  was 
not  Caradoc ;  and  thence  it  also  followed,  that  the  Meifod  beds  did 
not  belong  to  the  Caradoc  group,  but  to  that  of  Bala.  It  then 
became  obvious,  to  demonstration,  that  in  the  extension  of  the  Silu- 
rian system  towards  the  south-west,  beyond  the  limits  of  the  typical 
Silurian  country,  the  author  of  the  "  System  "  had  made  a  double 
mistake, — first,  in  identifying  certain  shelly  beds  of  his  Liandeilo 
group  with  the  Caradoc  sandstone;  and  secondly,  in  placing  the 
same  group  stratigraphically  above  the  undulating  beds  I  had  (I  think, 
very  properly)  called  Upper  Cambrian. 

This  comment  would  have  been  uncalled  for,  had  he  not  made  his 
own  mistake  a  part  of  the  ground  for  sweeping  out  all  the  Cambrian 
groups  from  North  Wales.    I  repeat,  emphatically,  that  before  1834 

*  The  map  (Proc.  Geol.  Soc.  vol.  iv.  p.  268)  is  a  mere  sketch,  which  pretty 
well  represents  my  conceptions  of  the  structure  of  North  Wales  in  1843.  But  it 
contains  some  grave  errors,  which  I  could  have  corrected  at  the  first  glance :  e.  g. 
a  range  of  Bala  limestone  northwards  from  Llanwddin  is  properly  laid  down ;  but 
a  second  band  of  the  same  limestone  farther  to  the  east  (which  unites  with  the 
former  to  the  south  of  Llanwddin,  in  a  district  where  all  the  beds  are  inverted)  is 
unfortunately  omitted,  although  it  was  plainly  traced  and  coloured  on  my  field- 
map.  I  suspect  that,  in  the  explanation  of  the  blank  portion  of  the  rough  map 
exhibited  in  illustration  of  my  paper,  I  had  written  Lower  Silurian  and  Protozoie, 
and  that  Mr.  Warburton,  erroneously  conceiving  the  two  terms  identical,  changed 
the  words  into  Lower  Silurian  (Protozoie).  Had  the  published  map  been  allowed 
to  pass,  in  its  present  form,  after  a  revision  by  myself,  I  should  virtually  have  sur- 
rendered the  whole  question  now  in  debate.  I  do  not  by  any  means  accuse  Mr. 
Warburton  of  any  intentional  injustice— quite  the  contrary :  for  I  know  that  he 
gave  his  best  efforts  to  the  abstract.  But  he  had  undertaken  a  task  for  which  he 
was  not  prepared,  inasmuch  as  he  had  never  well  studied  any  series  of  rocks  like 
those  described  in  my  papers. 
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I  made  no  mistake  in  my  general  interpretation  of  the  Cambrian 
series,  upper  as  well  as  lower.  To  join  the  Cambrian  series  to  the 
Silurian  was  physically  impossible,  because  a  great  error  had  been 
committed  at  the  point  where  the  upper  end  of  the  one  and  the  lower 
end  of  the  other  ought  to  tally.  By  whom  had  this  error  been  com- 
mitted? Not  by  myself.  But  I  did  all  honour  to  the  author  of  the 
'  Silurian  System.*  For  twelve  years,  during  which  I  never  revisited 
his  typical  country,  I  believed  his  base-line  to  be  unassailable ;  not 
because  I  had  examined  it  critically,  but  because  it  was  he  who  had 
laid  it  down.  Twice  (in  1834  and  in  1843)  I  changed  the  nomen- 
clature of  some  of  my  upper  groups,  to  bring  them  into  a  tuppoted 
accordance  with  his  Silurian  types,  and  each  time  I  was  driven  from 
my  hypothesis  by  a  downright  reductio  ad  abeurdum ;  and  I  after- 
wards returned  to  my  first  nomenclature,  because  I  found  my  sec- 
tions consistent  and  true  in  principle,  however  imperfect  some  of  them 
might  have  been  in  finish,  and  in  the  exhibition  of  minute  details. 

This  historical  statement  was  absolutely  necessary  to  my  present 
purpose ;  for  all  I  have  published  on  the  Questions  discussed  in  this 
paper  has  appeared,  I  might  almost  say,  m  a  fragmentary  form  in 
our  Proceedings  and  Journal.  Without  this  statement  it  might  seem 
that  there  had  been  no  steadiness  or  consistency  in  my  views.  But  I 
have  been  so  far  consistent,  that  I  never  shifted  a  single  group  below 
the  Bala  limestone.  And  as  to  my  upper  group*,  though  1  twice 
shifted  their  place,  hypothetically,  in  the  hope  of  bringing  them  into 
more  near  coincidence  with  the  Lower  Silurian  groups,  yet  each  hypo- 
thetical adjustment  was  abandoned  after  trial ;  and  I  returned  to  my 
first  grouping  and  nomenclature  because  my  original  sections  were 
right,  and  because  the  Silurian  sections,  at  their  base,  were  not  merely 
imperfect,  but  positively  erroneous. 

§  5.  General  conclusion. 

It  is  plain  that  the  author  of  the  «  Silurian  System '  had  gradually 
lost  his  confidence  in  his  own  base-line ;  for,  in  a  short  sentence  of 
his  great  work  (p.  308),  he  tells  us  of  the  possibility  of  being  in- 
duced, at  some  future  time,  to  move  his  Silurian  base  to  some  greater 
depth  *  ;  yet  in  the  next  page  he  tells  us  that  Moel-ben-tyrch  is  un- 
doubted Cambrian,  although  it  is  superior  to  the  Bala*  limestone. 
But  questions  might  have  been  asked,  which,  if  I  mistake  not,  ought 
then  to  have  been  answered  in  the  affirmative.  Would  not  a  change 
of  the  base-line  necessarily  imply  some  change  of  nomenclature  ?— 

*  In  1834,  my  friend,  on  the  evidence  of  the  sections,  tssjefssfstcaaY  agrhsVsf 
the  Bala  limestone  from  his  lower  Siluritn  rocks,  although  this  limestone  was 
filled  with  well-preterved  lower  Silurian  fossils.  Assuming  the  troth  of  the  SB*, 
rian  sections,  this  evidence  wis  perfect  demonstration ;  for  the  liandfflo  tags 
were  in  the  Silurian  sections  placed  •hot*  all  the  undulating  slate-rocks  of  Sow 
Wales,  while  the  Bala  limestone  was  obrkraiW  Mow  a  considerable  portion  of 
them.  That  all  the  older  rocks  of  the  Cambrian  series  were  to  he  called  Sttwiaa, 
protided  they  contained  certain  Silurian  species,  was,  therefore,  an  qflmr*tkm**i 
with  which  I  had  no  means  of  becoming  acquainted ;  and  I  beliere  that  thbqfirw* 
tkmfkt  could  nerer  have  been  seriously  entertained,  had  he  not  disouieied  tfcat 
he  had  mistaken  the  sectional  place  of  his  UaodeUo  grosrp. 
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and,  would  it  not  have  been  wiser  and  better  to  retire  one  step,  and 
to  expunge  the  Llandeilo  group  from  the  Silurian  rocks,  and  to  base 
the  system  on  the  Caradoc  sandstone  of  the  unambiguous  sections  1 
Had  that  step  been  taken,  the  Silurian  groups  would  at  once  have 
taken  their  right  and  undisputed  place ;  and  there  would  have  been 
nothing  to  stand  in  the  way  of  the  true  arrangement  of  the  whole 
Cambrian  series,  so  far  as  it  is  known  *.  Such  a  change  would 
only  have  sacrificed  one  single  group,  the  relations  of  which,  as  we 
now  know,  had  most  certainly  been  misunderstood  by  the  author  of 
the  '  Silurian  System' ;  but  instead  of  this,  he  shifted  his  own  base- 
line to  the  base  of  the  whole  Cambrian  series  f.  Thus  the  name  I 
had  given  to  the  Cambrian  series,  in  the  elaboration  of  which  I  had 
made  no  mistake,  was  to  be  sponged  out ;  and  the  series  was  to  re- 
ceive a  new  name  that  was  utterly  inappropriate. 

Our  whole  scheme  of  nomenclature  of  the  lower  Palaeozoic  rocks  is 
geographical.  This  scheme  was  followed  out,  from  first  to  last,  in 
the  "  Silurian  8ystem."  The  system,  and  all  the  subordinate  groups, 
were  defined  by  geographical  names.  Now  it  is  surely  an  axiom  in 
geological  nomenclature,  that  if  we  give  a  new  geographical  name  to 
any  group  of  strata,  that  name  must  refer  us  to  a  spot  near  which  we 
find  the  group  well-developed.  In  Cambria  the  whole  series  of  the 
oldest  palaeozoic  division  is  more  nobly  developed  than  in  any  other 
part  of  Britain  (on  this  point  I  can  speak  from  my  own  experience) ; 
while  in  Siluria  we  find  only  the  highest  group  of  the  whole  series. 
This  would  have  been*  a  sufficient  reason  for  changing  the  name  Silu- 
rian into  Cambrian,  had,  by  any  caprice  or  accident,  the  name  Silurian 
been  first  given  to  the  older  Cambrian  rocks ;  but  it  seems  to  me  a 
very  strange  reason  for  changing  the  name  Cambrian  (a  right  name 
for  a  great  series  of  rocks  well-developed  in  Cambria,  and  a  name  which 
had  the  undoubted  priority)  into  Silurian.  If  indeed  we  had  a  good 
and  perfect  series  of  the  older  palaeozoic  groups  in  Siluria,  then  the 
words  "  Silurian  System"  might  be  stereotyped  as  a  general  desig- 
nation of  all  the  lower  palaeozoic  rocks  of  Britain.  But  Siluria  shows 
us  no  such  typical  series,  while  Cambria  does.  On  the  ground, 
therefore,  of  geographical  propriety,  as  well  as  of  priority,  I  vindicate 
the  claims  of  the  Cambrian  series  for  a  place  in  our  nomenclature. 

*  The  lection  from  the  Menai,  over  the  Berwyns,  and  to  the  coast  of  Shrop- 
shire, at  explained  to  the  British  Association  in  1833,  differed  in  no  essential  re- 
spect from  the  ideal  section  of  the  Cambrian  series  given  above  in  the  Tabular 
View.  At  the  same  time  I  identified  (provisionally)  the  coarse  grits  near  the  line 
of  the  Holyhead  road  (Cernioge,  Modwl  Eithen,  Ac.)  with  my  friend's  shelly  sand- 
atone  (Caradoc)  t  and  as  for  the  Denbigh  flagstone,  there  never  was,  from  the  first, 
any  doubt  of  its  identity  with  the  Silurian  flags  of  Welsh  Pool  and  the  Long  Moun- 
tain. My  section,  therefore,  through  the  whole  series  (Cambrian  and  Silurian), 
was  in  1832,  excepting  in  small  details,  nearly  as  good  as  it  is  now ;  but  the  iden- 
tification (in  1834)  of  the  Meifod  beds,  by  my  friend,  with  his  typical  Caradoc 
sandstone,  threw  the  general  section  into*  confusion,  and  destroyed  the  true  key- 
stone that  held  the  Cambrian  and  Silurian  portions  together. 

f  It  has  been  said  (but  never  by  Sir  R.  I.  Murchison)  that  I  was  a  consenting 
party  to  this  change.  The  statement  is  contrary  to  fact.  The  change  took  place 
(I  believe  in  1843)  two  or  three  years  before  I  was  acquainted  with  it.  Had  it  been 
known  to  me  at  the  time,  I  should  probably  have  entered  a  public  protest  against  ft. 
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Bat  my  friend  and  fellow-labourer,  and  in  this  instance  my  anta- 
gonist, has  told  the  Society,  more  than  once,  that  in  his  final  scheme 
of  nomenclature  he  has  only  been  following  out  the  principles  of  the 
Father  of  English  Geology — William  Smith.  Now  this  I  unequi- 
vocally deny.  Smith  never  gave  the  name  to  a  group  first,  and  made 
out  its  place  in  his  sections  afterwards.  In  every  instance  in  which 
he  gave  us  geological  names,  his  actual  sections  had  the  priority  of 
his  names  by  many  years :  and  he  never  gave  a  name  tft  any  group 
until  he  had  determined  its  relations  to  the  groups  above  it  and  below 
it.  From  his  several  ascertained  groups  he  collected  fossils  which  he 
affirmed  to  be  characteristic,  and,  therefore,  a  means  of  identifying 
distant  contemporaneous  groups.  He  used  palaeontology  as  a  principle 
of  identification  only  where  a  typical  group  had  been  already  well 
established :  but  palaeontology  was  not  the  foundation  of  his  noman- 
clature ;  for  his  names  were  local  or  provincial.  He  never  gave  a 
premature  name  to  a  local  group;  and  then,  on  finding  that  his 
fossils  were  not  confined  to  it,  proceeded  to  develope  this  local  group, 
upwards  as  well  as  downwards,  through  many  thousand  feet  of  strata, 
without  changing  its  original  and  local  name. 

In  establishing  the  upper  groups  of  his  "  Silurian  System,"  the 
author  nobly  followed  out  the  principles  and  practice  of  Smith*  His 
Silurian  sections  and  fossil  lists  were  side  by  side ;  the  groups  and 
their  relations  were  well  made  out ;  and  his  names  were  local  or  pro- 
vincial. Thus  we  all  admit  the  groups  in  Siluria,  so  far  as  they  were 
made  out  on  the  principles  of  Smith ;  and  frorn  Upper  Ludlow  down 
to  Caradoc  they  nave  become  typical  and  classical.  But  below  the 
Caradoc  group  the  whole  base-line  of  the  "  Silurian  System,"  from 
one  end  of  the  map  to  the  other,  is  laid  down  upon  an  erroneous 
interpretation  of  the  real  position  and  relations  of  both  the  "  Lower 
Silurian"  groups, — first  by  a  mistaken  identification  of  the  Caradoc 
sandstone  with  a  portion  of  the  Llandeilo  group ;  and  secorjcQy,  by  a 
fatal  mistake  as  to  the  position  of  his  Llandeilo  group,  winch  the 
author  placed  above  the  whole  undulating  series  of  South  Wales0. 

*  It  tut  been  insinuated  (not  however  by  Sir  R.  I.  Murchiton)  that  I  was  the 
author  of  this  mistake :  bat  1  deny  the  charge  should  any  one  repeat  it.  Whem  I 
visited  the  Silurian  country  in  1834, 1  did  not  go  to  criticise  the  "  System,"  but 
to  learn  the  Silurian  alphabet  from  its  author.  As  a  matter  of  net,  we  critkely 
examined  the  base-line  together  only  at  one  single  point,  on  the  north  side  of 
Noedd  Gragg,  where  we  probably  misinterpreted  the  phsenomena ;  for  on  iciiaiUf 
the  Noedd  Gragg  section  in  1846,  1  drew  a  conclusion  from  it  very  dilbeat  rras 
that  at  which  we  had  arrived  in  1834.  My  friend  has  told  us  that  the  boundary- 
line  marked  on  bis  Silurian  map  M  was  simply  a  geographical  and  not  a  true  geo- 
logical line"  between  the  Cambrian  and  Silurian  rocks.  That  it  was  not  a  true 
geological  line  is  most  certain ;  but  was  it  without  meaning?  lias  he  not  re- 
peatedly stated  the  evidence  on  which  the  base-line  was  determined  by  himself? 
Assuredly  it  conveyed  the  author's  views  that  the  rocks  on  one  side  of  the  Use  wow 
older  than  the  rocks  on  the  other, — that  the  country  coloured  Cambrian  was  older 
than  the  country  coloured  Silurian.  Yet  through  a  great  part  of  South  Wales  the 
colours  are  absolutely  erroneous,  not  simply  in  their  geographical  distribution*  but 
in  their  geological  conception.  Precisely  the  same  error  is  exhibited  in  the  ideal 
fundamental  section  upon  which  the  whole  scheme  of  the  Silurian  noawarlaiiiie  ia 
erected  (see  slap  of  the  Silurian  System).  There  is  not  either  in  North  or  Soaftk 
Wales  a  single  actual  section  corresponding  with  the  fuwlain^ 
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When  this  mistake  (for  years  the  only  stumbling-block  in  the  way  of 
a  good  arrangement  of  the  lower  palaeozoic  groups)  was  removed,  the 
author  made  no  new  adjustment  of  his  Silurian  nomenclature,  but  pro- 
ceeded to  develope  his  Llandeilo  group — upwards  through  more  than 
3000  feet,  and  downwards  through  more  than  20,000  ieet — until  at 
length  his  Silurian  System  was  spread  oyer  all  Cambria.  Where  do 
we  find  any  proceeding  like  this  among  the  generalizations  of  Dr. 
Smith?  My  friend  and  antagonist  utterly  deserted  the  principles  of 
Smith,  by  virtually  discarding  the  force  of  sectional  evidence,  and  by 
endeavouring  to  establish  his  nomenclature  on  the  mere  evidence  of 
fossils ;  and  by  then  proceeding  (through  what  was  called  a  downward 
development  of  the  Llandeilo  flagstone)  to  involve  all  the  lower  rocks 
of  Wales  under  his  lowest  Silurian  group ;  although  that  group  was 
avowedly  misplaced  and  misinterpreted  within  the  comparatively  nar- 
row limits  of  his  published  sections.  Anything  in  more  direct  antago- 
nism to  Smith's  sober  inductive  habits  and  scheme  of  nomenclature 
could  hardly  be  expressed  in  language :  and  this  was  done  while  the 
author  was  aware  that  another  name  (and,  I  affirm,  the  right  name  on 
the  principles  of  Smith)  had  been  given  to  that  vast  and  most  difficult 
series  of  Cambrian  rocks  which  he  had  not  personally  examined,  yet 
which  he  was  thus  identifying — by  a  downward  and  unnatural  process 
of  development — with  his  lowest  Silurian  group.  Nor  was  this  done 
at  all  after  any  assumed  right  of  a  second  conquest ;  for,  on  his  part, 
it  was  a  development  of  the  closet  and  not  of  the  field. 

The  author  of  the  '  Silurian  System'  has  informed  the  Society,  in 
a  former  controversial  paper9",  that  he  himself  suggested  a  name 
(Snowdonian)  for  the  great  series  of  Cambrian  rocks;  and  from 
thence  he  seems  to  argue  that  he  has  a  right  to  change  the  name. 
But  he  did  not  then  know,  what  was  well-known  to  myself,  that  the 
term  Snowdonian  was  quite  inapplicable,  and  that  the  position  of  the 
crest  of  Snowdon  in  the  general  section  was  doubtful ;  inasmuch  as 
it  merely  formed  one  trough  among  the  undulations  of  North  Wales, 
between  the  two,  above-mentioned,  base-lines  of  the  lower  Cambrian  se- 
ries. I  readily  adopted  the  good  geographical  term  Cambrian  to  desig- 
nate the  most  noble  and  difficult  sequence  of  rocks  within  the  limits 
of  England  and  Wales  f ;  but  at  the  same  time  I  strenuously  objected 
to  the  word  system  (both  on  geological  and  paleeontological  grounds), 
whether  applied  to  the  collective  Silurian  or  Cambrian  rocks.  This 
Society  heard  these  objections  urged  by  myself  (and  I  may  add  by  others 
—especially  by  Professor  Phillips)  again  and  again.  I  objected  to  the 
word  system,  as  too  definite  for  our  state  of  knowledge,  and  I  always 
affirmed  that  the  Silurian  System  was  without  any  good  paleeonto- 
logical base. 

Since  the  year  1835  I  have  repeatedly  used  the  words  upper 

in  which  the  Llandeilo  and  Caradoc  groups  are  placed  in  an  entirely  false  posi- 
tion (Quart.  Journ.  Geol.  Soc  Jan.  6,  1847,  vol.  iii.  p.  167).    Surely  (and  quite 
independently  of  any  question  of  priority)  a  nomenclature  constructed  upon  such  an 
erroneous  base  cannot  be  considered  final,  but  requires  revision  and  correction. 
*  Quart.  Journ.  Geol.  Soc.  1847,  toL  iii.  p.  167. 

f  I  the  more  readily  adopted  the  word  Cambrian  because  it  was  a  very  slight 
change  from  the  word  Cumbrian,  by  which  I  had  long  been  in  the  habit  of  desig- 
nating the  corresponding  part  of  the  pabBOzoic  series  in  the  north  of  England. 
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Cambrian  System  and  lower  Cambrian  System,  in  ecmformhj  with  a 
language  in  common  use— to  designate  two  great  collective  groups  of 
Cambrian  rocks  ;  but  I  always  used  these  terms  in  a  geographical  and 
geological,  and  never  in  any  strictly  palaeontologies!  sense :  and  that 
these  two  collective  groups  were  inferior  to  all  the  Silurian  rocks  I 
assumed  on  what  I  thought  an  irrefragable  authority — that  of  the 
author  of  the  '  Silurian  System.'  That  the  author's  views  respecting 
the  meaning  of  his  word  "  System  "  were  at  first  nearly  the  same 
with  my  own,  I  am  morally  certain ;  otherwise  he  could  not,  on  the 
evidence  of  sections  which  we  examined  together,  have  excluded  thm 
Bala  limestone  from  his  lower  Silurian  groups.  Had  he  identified 
the  Bala  limestone  with  his  Llandeilo  flag,  he  must  inevitably  haw 
admitted  that  his  base-line  in  South  Wales  was  entirely  erroneous  i 
but  in  1834  (and  afterwards  in  1839)  he  was  prepared  to  make  no 
such  admission.  The  strange,  and,  I  may  venture  to  say,  the  unaa* 
tural,  hypothesis,  that  a  single  group— the  Llandeilo  flag— might  be 
developed  downward  through  all  lower  Cambrian  groups,  and  that 
every  rock  with  the  (so-called)  lower  Silurian  fossils  (no  matter  what 
its  place  in  the  great  Cambrian  series)  might  "be  included  in  the 
Lower  Silurian  group*,"  was  therefore,  as  I  have  stated  before,  am 
after-thought ;  which  never  could,  I  believe,  have  arisen  in  his  mind, 
had  he  not  discovered  that  his  own  base-line  was  not  merely  Hi- 
defined,  but  founded  on  a  positive  misinterpretation. 

When,  in  1842  and  1843,  I  had  the  pleasure  of  traversing  the  foe* 
siliferous  parts  of  North  Wales  with  Mr.  Salter,  I  had  no  expecta- 
tion whatsoever  of  finding  many  fossils  specifically  or  genetically  dif- 
ferent from  those  which  had  been  delineated  by  Dahnan,  Murchisoo, 
and  other  authors  who  had  described  the  older  fossil  types.  After 
the  Devonian  fossils  (for  many  years  the  opprobrium  of  the  lower 
palaeozoic  series)  were  removed  to  their  proper  place  in  the  psJseosoic 
system,  there  was  no  longer  the  shadow  of  a  difficulty  in  denning  the 
leading  palseontological  characters  of  the  lower  palseotoic  rocks.  The 
real  and  only  difficulty  was  in  defining  the  number  and  sectional  place 
of  their  subordinate  groups.  Their  upper  groups  had  been  admirably 
determined  in  the  "  Silurian  System."  But  their  lower  maps  were,  in 
that  system,  either  not  defined  at  all,  or  defined  by  a  reference  to  local 
tectums  which  have  been  proved  erroneous.  My  only  hope  (in  1 842- 
1843)  was — that,  through  the  able  assistance  of  my  friend  Mr.  Salter, 
I  might  establish,  in  the  field,  a  series  of  fossil  groups  that  would  en- 
able me  to  split  up  the  great  Bala  and  lower  Cambrian  series  into 
separate  stages  resembling  those  of  the  true  "  Silurian  System."  In 
this  attempt  we  failed.  But  this  failure  did  by  no  means  prove  that 
there  was  not  a  great  Cambrian  series  below  the  defined  groups  of 
Siluria.  It  did,  however,  prove — what  had  often  been  urged  before 
—that  the  word  system,  as  applied  paUsontoloaically  to  the  collective 
groups  of  Siluria,  had  been  not  merely  premature,  but  erroneous. 

Should  any  one  ask,  what  matters  it  by  what  name  the  Welsh  sense 
of  rocks  may  be  called,  so  long  as  we  define  the  meaning  of  our  terms  f 
I  should  at  once  reply  that  good  names  are  of  great  consequence.  That 


•  Qaan.  Jean.  GeoL  floe.  1847,  voL  ia.  a,  170. 
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above  all  they  ought  to  be  historically  just ;  and  that,  if  geographical, 
they  ought  not  to  involve  and  perpetuate  most  palpable  geographical 
contradictions.  So  far  as  regards  the  present  controversy,  between 
my  friend  and  fellow-labourer  and  myself,  it  resolves  itself  into  this : 
whether  I  should  retain  a  true  geographical  name  for  a  country  I 
have  explored  and  reduced  to  good  order,  after  the  hard  and  long- 
continued  work  of  years ;  or  he  should  throw  down  its  fences,  claim 
it  for  his  own,  and,  in  defiance  of  geographical  propriety,  call  it  Si- 
lurian, without  the  shadow  of  pretence  from  any  right  of  conquest 
over  it,  or  any  correct  original  knowledge  of  its  relations  to  that  Si- 
lurian region  he  had  won  for  himself  by  a  like  labour,  and  to  which 
he  had  a  lawful  title,  acknowledged,  I  might  say,  with  acclamation, 
by  every  geological  school  of  Europe. 

The  personal  question  is  indeed  a  paltry  matter ;  but  it  does  in- 
volve a  very  important  principle.  Philosophical  names  are  not  to  be 
given  rashly ;  and  premature  names  ought  to  be  abolished ;  other- 
wise we  barbarize  our  language,  and  retard  the  true  progress  of  sci- 
ence. Scientific  names  are,  or  ought  to  be,  the  abstract  representa- 
tions of  the  highest  conceptions  of  the  human  mind;  which  first 
dealing  analytically  with  facts,  then  groups  them  together  syntheti- 
cally under  their  most  general  conception.  The  analysis  of  the  phee- 
nomena  comes  first, — the  philosophic  names  come,  or  ought  to  come, 
last.  Nor  are  philosophical  names  ever  unimportant,  even  in  mixed 
and  progressive  subjects  like  our  own ;  for  they  are  the  very  circula- 
ting medium  of  science ;  and  if  our  coin  be  base,  our  scientific  deal- 
ings can  never  prosper.  And  is  it  not  true  that  in  science,  as  in 
other  things,  names  are  often  all  that  the  greater  part  of  mankind 
ever  care  about  in  their  commerce  with  the  world,  especially  on 
questions  like  the  present? 

On  grounds  such  as  these,  I  contend  that  the  very  conception  of  a 
downward  development  of  the  Silurian  System  into  the  Cambrian  is 
a  contradiction  of  the  ordinance  of  nature ;  as,  ever  since  the  world 
began,  her  systems  have  been  developed  upwards  and  not  downwards ; 
that  the  description  of  such  a  downward  development  under  the  word 
system  is  a  most  anomalous  use  of  scientific  language;  and  that  such 
a  word  as  system,  in  geology,  cannot  logically  be  made  use  of  while 
the  analytical  process  is  going  on,  and  before  it  has  led  us  to  a 
resting-place  on  which  we  may  commence  the  true  synthetical  process 
of  constructing  a  system. 

I  do  not  assert  that  the  word  system  was  at  first  used  illogically 
by  my  friend ;  because  he,  no  doubt,  at  first  thought  that  he  had  found 
a  good  base-line  for  it.  But  in  this  we  now  know  that  he  was  mis- 
taken ;  and  from  the  moment  that  mistake  was  proved,  his  system  (as 
a  system)  was  at  an  end.  It  was  then  a  mere  group  of  strata,  which 
admitted  of  no  collective  name,  except  so  far  as  it  was  capable  of  defi- 
nition ;  and  the  parts  of  it  which  were  before  mistaken  and  ill-defined 
must  afterwards  be  referred  to  some  new  base-line,  and  find  their 
resting-place  in  some  new  arrangement.  But  changes  of  this  kind 
imply  also  a  change  of  our  verbal  definitions,  or  we  utterly  destroy  the 
symmetry  of  our  scientific  language. 
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My  proposed  general  term — the  Lower  Paleozoic  division  of  the 
u  Primary  System/'  including  the  Cambrian  Series  and  the  Silurian 
Series — may  at  present  serve  our  purpose,  until  our  views  become 
better  defined  by  better  knowledge.  There  is  not  a  single  known 
ptttseozoic  rock  of  Britain  that  I  have  not  studied ;  and  this  at  least 
I  may  assert,  as  the  result  of  this  study,  that  it  is  from  the  Cum- 
brian and  the  Welsh  mountains  that  we  must  construct  our  British 
types :  and  the  phenomena  of  these  mountains  are  the  foundation 
of  everything  I  have  offered  in  this  paper  in  the  way  of  classification 
and  nomenclature. 

Since  the  extension  of  the  lower  Silurian  colour  over  the  whole 
Cambrian  series  by  Sir  R.  I.  Murchison,  there  has,  I  know,  been  a 
general  opinion,  that  I  had  made  some  great  mistake  in  my  fathnatft 
of  the  palaxmtological  characters  of  the  Cambrian  series ;  that  in 
using  the  words  Cambrian  System,  I  had  supposed  that  the  Cam- 
brian fossils  formed  an  entirely  distinct  zoological  group  from  the 
Lower  Silurian  *.  Now  this  I  never  once  asserted ;  ana,  from  the 
first,  I  knew  that  the  very  contrary  was  the  case ;  and  it  was  this 
knowledge  which  made  me  many  times  in  this  room  object  to  any 
strict  paueontological  use  of  the  word  system,  when  applied  to  Cam- 
brian and  Silurian  rocks.  Although  my  great  Welsh  series  of  rocks 
and  fossils  was  inaccessible  to  myself  until  my  new  museum  was 
uprned  for  the  reception  of  a  vast,  and  till  then  unapproachable,  col- 
lee  t  ion,  yet  I  had  in  reserve  a  small  series  of  specimens  from  Bodean, 
Snow  don,  Moel  Hebog,  Bala,  Meifod,  &c. ;  and  these,  as  well  as  my 
field  notes  and  sections,  led  me  to  assert,  many  times,  during  the  dis- 
cussions in  this  room,  that  the  word  system*,  as  used  by  its  author, 
was  not  philosophically  applied  to  Silurian  rocks  which  had  not,  so 
far  as  I  could  discover,  either  a  good  physical  or  palaeontologies!  base. 
Turn,  for  example,  to  the  Proceedings  (May  1838,  vol.  ii.  p.  679), 
where,  writing  of  the  "  Upper  Cambrian  System,"  I  use  the  follow- 
ing words :  Tnis  system  "  commences  with  the  fossiliferous  beds  of 
Hals,  includes  all  the  higher  portions  of  the  Berwyns,  and  all  the 
1;:  -rocks  of  South  Wales  which  are  below  the  Silurian  System.".  •  • 
**  Many  of  the  fossils  are  identical  in  species  with  those  of  the  lower 
division  of  the  Silurian  System,  nor  have  the  true  distinctive  sooto- 
giL-al  characters  of  the  group  been  well  ascertained."  In  the  same 
\m$e  I  add  as  follows :  "  At  the  north  end  of  the  Berwyn  chain  it 99 
'  Tpper  Cambrian  System)  "  appears  to  pass  by  insensible  grada- 

*  This  error  regarding  my  own  meaning,  whenever  1  made  nee  of  the  words 
Camkrmm  System,  originated,  I  donbt  not,  in  the  writings  of  my  friend,  after  he 
bad  detected  his  sectional  mistakes,  and  began  to  change  his  own  views  respect* 

i  Imi  relations  of  his  Silurian  rocks  to  the  great  groups  which  he  had  placed 
totow  them.  Thus,  when  he  tells  me  (Quart.Joarn.Geol.  Soc.  1847,  foL  liL  p.  1 73) 
that  "  the  recognition  of  a  Cambrian  System  has  been  considered  to  be  escmefoeiy 

i  i  lent  on  the  discovery  in  it  of  a  peculiar  type  of  Itfk  distinct  from  that  for* 
nil -f  if  described  as  Silurian,"  he  writes  in  direct  contradiction  to  his  own  inter* 
m  of  phssnomena  made,  along  with  myself,  in  the  field  (in  1854),  and  in 

n  it  contradiction  to  various  passages  of  his  great  work;  and  he  now  eaw 
diwours  to  saddle  me  with  a  trcknictl  meaning  of  the  word  system  which  1 
envrf  once  made  use  of,  and  mwmst  which  he  had  heard  me  eater  my  protest  ana? 
btfbrt  there  was  a  word  of  controversy  between  na* 
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tions  into  the  lower  division  of  the  Upper  System  (the  Caradoc  Sand- 
stone).*9  Again,  in  the  Proceedings  (Nov.  1841,  vol.  iii.  p.  548)  I 
gave  the  same  definition  of  my  Upper  Cambrian  group,  and  added : 
"  Many  of  the  fossils  are  identical  m  species  with  those  of  the  lowest 
divisions  of  the  Silurian  System." 

Again,  in  the  next  page  (p.  549),  I  give  a  list  of  Snowdonian  fos- 
sils, some  of  which  I  collected  in  1831 .  The  list  was  named  by  Mr. 
Sowerhy  the  year  before  Mr.  Salter  had  become  my  fellow-labourer ; 
and  in  1832  I  had  at  least  two  species  of  Orthis  from  Snowdon,  which 
I  believed  identical  with  two  Bala  species.  Lastly,  I  will  quote  the 
third  edition  of  the  Syllabus  of  my  Cambridge  Lectures,  which  was 
drawn  up  in  1836  and  published  very  early  m  1837,  and  therefore 
appeared  two  years  before  the  publication  of  '  The  Silurian  System/ 
Describing  the  Upper  Cambrian  rooks,  I  used,  in  this  Syllabus  (p.  51), 
the  following  words  i  "Associated  with  them  are  calcareous  slates. 
Corals,  Encrinites,  Trilobites,  Orthoceratites,  Orthis,  Producta,  Spi- 
rtfer,  &c.  Many  shells  of  the  same  species  with  those  of  the  Lower 
Silurian  rocks."  Again,  in  the  same  page,  I  affirm,  "that  the  Bala 
limestone  contains  BeUerophon  bilobatus,  Producta  sericea,  and  seve- 
ral species  of  Orthis,  all  of  which  are  common  to  the  Lower  Silurian 
System."  This  third  edition  of  my  Cambridge  Syllabus  was  withdrawn 
from  publication  in  1 840,  in  consequence  of  the  new  palaeozoic  arrange- 
ments become  necessary  by  the  introduction  of  a  Devonian  series. 
But  the  extracts  from  it  above-given,  as  well  as  the  quotations  from 
our  Proceedings,  however  unimportant  in  themselves,  do  bear  upon 
my  present  question,  and  prove  what  I  am  now  asserting, — that  I 
never  presumed  to  separate,  palseontologically,  the  Cambrian  from  the 
lower  Silurian  rocks.  If  their  fossils  were  of  the  same  general  type, 
the  fact  would  only  prove  that  Sir  Roderick's  "Silurian  System" 
never  was  a  system  in  the  sense  in  which  he  had  expounded  it ;  but 
the  fact  would  by  no  means  prove  that  he  had  any  right  to  make 
good  his  system  by  extending  it  over  a  province  already  legitimately 
occupied,  and  over  which  he  had  no  personal  claims  whatsoever. 

On  this  point  I  may  conclude  my  remarks,  by  affirming  that  my 
argument  is  greatly  misrepresented  by  Sir  R.  I.  Murchison  *,  when 
he  recommends  me  to  abandon  the  term  Cambrian  System  as  applied 
to  the  physical  groups  of  North  Wales,  because  such  name  was  used 
before  their  fossil  contents  were  known.  His  advice,  whatever  may 
be  its  worth,  is  founded  in  mistake,  and  obliviousness  as  to  some  facts 
we  studied  together  in  the  field ;  and  he  has  little  reason  to  fix  on 
me  his  own  meaning  of  the  word  "  System,"  which  I  never  believed 
correct,  and  against  which  I  have,  as  above  stated,  very  often  pro- 
tested in  the  former  discussions  of  this  room. 

In  1834,  when  I,  for  the  last  time,  met  my  friend  in  Wales,  that 
we  might  compare  notes  and  determine  the  limits  of  our  respective 
surveys,  he  made  no  difficulty  in  excluding  the  Bala  limestone  (in 
spite  of  its  fossils)  from  his  "  System,"  and  this  was  done  on  the  sup- 
posed evidence  of  sections.  The  fact  of  this  exclusion  proved  that 
*  Quart.  Journ.  Geo).  Soc  voLiii.  p.  175. 
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the  uthor  then  thought  the  evidence  of  sections  necessary  to  his 
"System,"  and  that  it  did  not  necessarily  include  every  group 
with  Silurian  fossils.  At  that  time  the  important  point  between 
us  was  to  determine  the  limits  of  our  respective  sections.  He 
n  i?  rwards  shifted  his  ground  of  classification  altogether,  but  on 
principles  not  communicated  to  myself;  and  ended  by  demanding 
from  me  a  proof  that  my  Cambrian  series  contained  a  group  or 
fossils  entirely  distinct  from  those  of  his  lower  Silurian  rocks.  He 
required  of  me  what  I  had  shown  him  to  be  impossible  before  his 
System  had  a  name.  As  to  the  pataontological  relations  of  the  Cam- 
brian groups,  my  views,  though  expanded  during  the  progress  of  dis- 
covery, never  underwent  any  fundamental  change.  This  progress 
did,  however,  prove  that  the  word  was,  from  the  first,  applied 
by  the  author  incorrectly  to  his  "  Silurian  "  groups.  I  worked  up- 
wards through  the  whole  Cambrian  and  Silurian  series :  my  friend 
worked  downwards  into  the  upper  part  of  the  Cambrian  series,  and 
there  came  to  a  fault.  There  was  an  undoubted  overlap  in  oar 
ascending  and  descending  sections,  producing  no  small  confusion,  but 
this  confusion  was  simply  caused  by  his  own  mistakes  and  not  by 
mine :  yet  is  this  confusion,  on  the  scheme  of  my  friend,  to  end  by 
su  bordinatme  Cambria  to  Siluria — by  a  system  of  grouping,  in  the 
upper  part  of  which  the  spirit  of  subdivision  is  carried,  perhaps,  to 
excess,  while  in  the  lower  part  all  subdivision,  based  on  good  sec- 
tional evidence,  is  discarded — by  making  more  than  20,000  feet  of 
strata  the  equivalents  of  one  "  Silurian"  group !  No  power  on  earth 
can  stereotype  and  perpetuate  a  nomenclature  so  utterly  incongruous, 

i  i i  e  part  simply  geographical  and  sectional, — the  other  part  neither 
geographical  nor  sectional ;  but  evolved  through  a  downward  develop- 
ment which  is  out  of  nature,  and  strikes  at  the  root  of  every  prin- 
ciple of  philosophical  arrangement.  We  may,  no  doubt,  analyse  the 
M  i<  cessive  deposits  of  a  new  country  in  the  descending  order,  and  this 
itmy  sometimes  be  the  very  best  method.  But  when  we  proceed  to 
systematize  the  deposits  and  give  them  names,  we  are  absolutely 
compelled  to  reverse  the  process ;  otherwise  we  build  without  a  foun- 
dation, and  violate  the  historical  development  of  nature. 

My  friend  and  opponent  tells  me  (loc.  cit.  p.  173),  that,  before  ku 
Silurian  System  woe  fixed,  foreign  geologists  had  applied  the  term 
u  vwacke"  mdiscriminately  to  the  Devonian  and  other  palspoxoic 
tr  r  r  m  ps.  This  is  very  true.  The  upper  Silurian  groups  were  fixed  on 
r  vj}\t  principles,  and  this  was  a  very  great  boon  to  geology,  and  soon 
led,  almost  oy  a  philosophical  necessity,  to  the  fixation  of  the  Devo- 
uiitn  series.  But  the  lower  Silurian  groups  were  not  fixed  by  the 
author.  His  nomenclature  was  premature,  and  his  base-line  was  see- 
tiouaily  wrong ;  and,  so  far  from  leading  to  discovery,  it  retarded  the 
■ess  of  paUeosoic  geology  for,  I  believe,  not  less  than  ten  or 
twelve  years. 

I  accept  at  once  the  canon,  "that  a  good  nomenclature  can  only 
he  based  on  a  conformity  of  successive  ana  similar  organic  remains 
■  we  all  admit  that  a  good  geological  nomenclature  is,  not  simply 
*  ltc.ctf.p.173. 
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a  zoological  question,  but  a  question  depending  on  the  evidence  of  see* 
turns,  aided  by  the  evidence  of  fossils.  But  where  was  the  author's 
"  conformity  of  succession,"  proved  by  the  evidence  of  good  sections, 
among  his  lower  Silurian  rocks  ?  He  mistook  the  relations  of  these 
rocks  to  the  Cambrian  groups,  and  his  fundamental  general  sections  are 
wrong  in  details  as  well  as  in  principle.  What  then  becomes  of  the 
lower  Silurian  rocks,  if  their  names  are  to  be  tested  by  this  canon  ?  I 
can  conceive  but  one  rational  answer  to  this  question. 

Again  (loc.  cit.  p.  170),  he  tells  us  that  "his  nomenclature  is 
founded  on  the  principle  of  strata  identified  by  their  fossils.9*  If  we 
are  dealing  with  elements  of  which  we  know  the  limits,  the  principle 
stands  good ;  but  while  we  are  dealing  with  the  nomenclature  of  a 
new  series,  of  which  we  have  not  made  out  the  limits,  the  application 
of  this  principle  would  be  nothing  better  than  a  specious  fallacy.  I 
should  give  an  illustration  of  this  fallacy  had  I  attempted  to  call  the 
whole  Cambrian  series  by  the  name  of  Bala  Limestone ;  and  the 
author  has  given  us  a  frequent  illustration  of  it  in  identifying  the 
same  series  with  the  Llandeilo  flagstone.  Were  we  to  take  the  pa- 
Iseontological  evidence  alone,  and  sink  all  other  means  of  classification, 
I  believe  that  the  massing  of  all  the  Lower  Palaeozoic  Division  of  my 
Tabular  View  (seep.  147)  under  onesystem  of  animal  typewould  turn  out 
to  be  a  palseontological  blunder.  There  is  a  magnificent  development 
of  this  Lower  Division  in  North  America  capable  of  separation  into 
two  very  distinct  collective  groups  (like  the  Cambrian  and  Silurian 
groups  of  the  Tabular  View),  the  upper  of  which  is  (if  I  am  rightly 
informed)  sometimes  unconformable  to  the  lower;  and  although 
many  species  may  be  common  to  the  two  collective  groups — especially 
near  their  junction — yet  the  species  most  abundant  in,  and  most  cha- 
racteristic of,  the  lower  are  not  found  in  the  upper ;  nor  are  the  most 
abundant  and  characteristic  species  of  the  upper  ever  found  in  the 
lower.  If  so,  the  development  of  animal  types,  from  the  early  dawn 
of  a  living  world,  appears  to  have  been  earned  on  in  North  America 
in  strict  analogy  with  the  development  now  exhibited  in  the  British 
Isles;  and  I  am  greatly  mistaken  if  the  scheme  of  development, 
given  in  the  Tabular  View,  be  not  more  acceptable  and  intelligible  to 
the  American  Geologists  than  any  other  scheme  of  arrangement  of  the 
British  rocks  which  has  yet  been  published. 

Out  of  this  Lower  Palaeozoic  division  M.  D'Orbigny  makes  two 
paheontological  systems ;  M.  Barrande  did  the  same  virtually,  though 
not  in  words ;  and  if  I  may  judge  from  my  Cambridge  collection, 
as  arranged  by  Professor  M'Coy,  there  is  as  wide  a  separation  be- 
tween the  Silurian  and  Cambrian  groups,  as  between  any  two  con- 
secutive members  of  the  whole  Pakeozoic  System  of  the  Tabular 
View.  But  I  do  not  rest  my  conclusions  upon  this  last  statement ; 
but  rather  upon  such  evidence  as  I  have  given  in  the  previous  pages 
of  this  paper,  and  especially  on  the  broad  fact — that  my  original 
Cambrian  sections  were  right  in  principle ;  while  Sir  R.  I.  Murchison's 
sections  were,  in  the  exhibition  of  his  lower  groups,  wrong  in  prin- 
ciple and  conception. 

So  long  as  my  friend  worked  upon  the  plan  of  Dr.  William  Smith 
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and  the  geologist*  of  his  school— combining  sections  with  fossfla,  and 
never  using  fossil  evidence  as  definitive  until  his  physical  groups 
were  well  in  hand — he  made  no  mistake  in  principle ;  his  system  was 
worked  out  with  consummate  zeal  and  skill;  ana  in  the  true  typical 
country  of  Siluria  he  left  but  few  gleanings  for  those  who  followed 
him.  But  on  leaving  his  true  typical  Silurian  region  his  good  fortune 
left  him  ;  and  in  following  down  the  lowest  beds  of  his  system,  ha 
hit  off,  both  to  the  north  and  the  south,  a  wrong  type  for  the  Caradoc 
sandstone.  It  might  be  called  a  small  mistake  to  have  regarded  the 
Meifod  beds  as  typical  Caradoc  sandstone,  and  to  have  figured  some 
of  its  fossils  as  characteristic  specimens  of  that  group.  But,  small  as 
was  the  mistake,  it  led  Mr.  Bowman,  Mr.  Sharpe,  and  myself  into 
a  very  wrong  interpretation  of  certain  sections  in  North  Wales. 
To  them  the  mistake  was  of  small  moment,  as  it  only  led  them  to 
give  a  wrong  name  to  a  single  fossiliferous  group  t  but  to  me  the 
mistake  was  far  more  mischievous ;  as  it  led  me  to  take  my  very  key* 
stone  from  an  arch  I  had  constructed  on  right  principles  and  after 
the  hard  and  successful  labour  of  two  summers ;  ana  it  threw  into 
confusion  the  whole  plan  on  which  I  had  constructed  my  upper 
groups.  But  this  fact  surely  proves,  how  unmeaning  fossils  are  in 
determining  the  true,  detailed,  geological  sequence  of  any  new  country 
without  a  continual  check  from  sections. 

But  the  great  mistake  of  the  "  Silurian  System," — and  so  for  as 
regards  its  effects  upon  my  own  work,  the  most  perplexing  mistake, — 
was  the  placing  the  Llandeilo  group  over  the  upper  Cambrian  series 
of  North  and  South  Wales ;  and  until  this  mistake  was  corrected,  all 
further  progress  in  arrangement  and  nomenclature  of  the  older  pa- 
taozoic  groups  became  impossible.  Near  the  end  of  the  summer  of 
1843  I  found  it  impossible  to  separate  the  Bala  limestone  from  the 
calcareous  groups  of  Glyn  Ceiriog  and  Meifod ;  but,  if  the  Meifod 
group  were,  on  the  interpretation  of  Sir  R.  I.  Murchison,  a  typical 
form  of  the  Caradoc  group,  it  followed  that  the  Bala  limestone  must 
also  belong  to  the  true  Caradoc  group.  Nor  was  this  all, — a  great 
group  over  the  calcareous  slates  of  Bala,  which  I  had  before  described 
as  upper  Cambrian,  was  called,  both  by  Mr.  Salter  and  Mr.  Sharpe 
(on  supposed  fossil  evidence),  upper  Silurian.  Again,  on  like  evi- 
dence, Mr.  Salter  was  compelled  to  call  the  (Caradoc)  group  under 
the  Denbigh  flags  upper  Silurian.  If  all  this  were  true,  1  knew 
well,  on  the  evidence  of  my  own  sections  in  South  Wsles,  thai  a 
considerable  portion  of  the  undulating  beds  in  that  part  of  the 
Principality,  as  well  as  the  gritty  beds  m  the  highest  trough  of  the 
Berwyn  chain,  must  also  be  called  upper  Silurian.  As  before  stated, 
these  conclusions  were  put  to  the  test  by  myself  in  1836,  and  found 
to  be  erroneous.  I  then  had  a  demonstrative  proof  that  the  Bala 
limestone  was  not  Caradoo— that  the  Meifod  beds  were  wrongly 
classed  and  named, — and  that  the  geological  relations  of  the  tj*™H1it 
group  were  mistaken  by  the  author  of  the  '  Silurian  System.* 

It  was  during  the  interval  of  uncertainty,  between  1843  and  1844, 
that  I  was  willing  to  modify  my  nomenclature, — believing  durmg 
that  interval,  that  my  upper  Cambrian  group  must  iHsapptnr ;  ins*- 
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much  as  I  knew  that  the  Silurian  groups  were  well  made  out  in  un- 
equivocal sections  to  the  base  of  the  Caradoc  sandstone  ;  and,  there- 
fore, as  far  as  that  base  descended,  that  the  author  had  an  apparent 
right  to  claim  every  rock  of  North  Wales  as  a  member  of  nis  own 
system.  But  in  the  published  map,  prepared  by  Mr.  Warburton, 
and  not  seen  or  revised  by  myself,  my  concessions,  as  above-stated, 
are  greatly  mistaken  and  greatly  misrepresented.  When  all  previous 
doubts  were  cleared  up  in  1846,  I  returned,  as  a  matter  of  course, 
to  my  old  nomenclature ;  for  my  original  sections  of  North  Wales 
were  right,  and  my  nomenclature  was  natural  and  true.  Meanwhile 
(and,  strange  as  it  may  seem,  unknown  to  myself,  for,  I  believe, 
nearly  three  years)  my  friend  had  extended  his  Silurian  colours  to 


of  amicable  controversy  have  ever  passed  between  us. 

What  I  finally  affirm  is  this, — that  the  whole  scheme  of  my  sec- 
tions (from  the  very  first  which  I  exhibited  at  Oxford  in  1832,  and 
at  Cambridge  in  1833)  was  physically,  and  (so  far  as  my  fossils  went) 
palieontologically  right — that  I  was  never  led  into  a  false  or  incon- 
gruous classification  by  any  section  of  my  own — that  in  every  instance 
in  which  I  was  led  into  hypotheses  in  any  way  incongruous  with  the 
order  of  superposition  indicated  by  my  sections,  I  was  so  far  led  into 
positive  error — and  that  every  instance  of  doubt  or  wavering  on  my 
part  arose,  at  the  time,  from  a  belief  (I  now  know  to  have  been  erro- 
neous) that  the  author  of  the  *  Silurian  System'  could  not  have 
mistaken  the  relations  of  his  normal  lower  types,  but  that  I  might, 
perhaps,  have  mistaken  the  true  relation  of  one  or  two  of  my  highest 
Cambrian  groups. 

All  doubt  on  this  head  is  now  at  an  end,  and  I  continue  to  place 
my  Upper  Cambrian  series  (a  little  extended,  not  from  any  change 
of  my  sections,  but  merely  as  a  matter  of  symmetrical  convenience, 
and  termed  the  Bala  group)  where  I  placed  it  in  1833.  The  rela- 
tions of  the  Bala  limestone  to  the  groups  above  it  and  below  it  are 
not,  in  this  scheme,  mistaken ;  nor  was  I  ignorant  of  its  fossils  before 
the  publication  of  the  '  Silurian  System,'  as  I  have  proved  by  pre- 
vious quotations. 

It  is  true  that  the  Llandeilo  flagstone  is,  on  this  scheme,  removed 
out  of  the  Silurian  groups;  for  the  Llandeilo  flagstone  is  the  un- 
doubted equivalent  of  the  Bala  limestone.  It  is  also  true  that  my 
friend  has  published  a  magnificent  series  of  fossils  from  the  Llandeilo 
flagstone,  including  therein  a  group  he  has  mistaken  for  Caradoc 
sandstone.  But  no  published  group  of  fossils  entitled  the  author,  on 
kU  own  canon  of  classification  and  nomenclature,  to  claim  the  Llan- 
deilo group  as  his  own  and  to  give  it  a  permanent  name,  until  he  had 
made  out  its  relations  to  the  groups  above  it  and  below  it ;  and  in  this 
last  condition  he  entirely  failed.  The  author  has,  in  his  great  work, 
published  many  admirable  details  respecting  the  development  of  the 
Llandeilo  groups  among  the  Plutonic  rocks  of  Shropshire  and  other 
tracts  of  country  on  the  frontiers  of  Wales,  and  for  these  details,  and 
the  flood  theoretical  suggestions  arising  out  of  them,  he  is  entitled  to 
the  lasting  gratitude  of  this  Society.    But  none  of  these  details 
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touch  upon  the  real  question  in  debute.  They  do  not  pre  us  the 
means  of  establishing  the  relations  of  the  Llandeflo  group  to  the 
groups  above  it  and  below  it,  in  any  general  sections  which  define  the 
lower  Palaeozoic  series.  This  fatal  objection  does  not  apply  to  the 
Bala  limestone ;  which  becomes  a  true  typical  group,  and  is  capable 
of  receiving  a  permanent  name,  because  its  place  is  well  defined  in  the 
grand  development  of  the  older  Palaeozoic  series  of  Wales ;  and  on 
that  account  it  obtains  its  place  in  the  Tabular  Section. 

I  accept  the  interpretation  of  the  structure  of  Wales  as  given  in  the 
great  map,  published  under  the  direction  of  Sir  Henry  de  la  Bed*, 
which  is  one  of  the  noblest  works  of  its  kind  that  has  appeared  since 
Geology  was  a  science.  In  this  map  we  have  the  superficial  deli* 
neation  of  the  true  system  of  Siluria  perfectly  represented  in  its  most 
minute  details ;  and  the  authors  have,  for  the  first  time,  laid  down 
the  range  of  the  Caradoc  group  in  a  manner  that  is  intelligible  and 
complete.  But  they  have  given  the  name  "  Lower  Silurian"  to  all 
the  vast  series  of  rocks  in  Wales,  which  are  below  the  Caradoc  Sand- 
stone. I  do  not  believe  that  their  authority,  great  as  it  is,  can  per- 
manently establish  a  name  that  is  geographically  incongruous  and 
historically  unjust.  Passing  over  the  strange  geographical  and  geo- 
logical incongruity  of  merging  all  Cambria  in  Siluria,  although  the 
groups  of  the  former  include  the  whole  lower  palaeozoic  series,  and 
the  groups  of  the  latter  country  include  only  the  upper  members  of 
that  series, — and  passing  over  the  palaeontologies!  objection  based  on 
the  assumed  fact  that  there  are  two  systems  of  animal  life  in  the 
upper  and  lower  divisions  of  the  same  great  series  sufficiently  distinct 
to  require  separate  zoological  names, — dismissing  these  considerations 
from  the  Question,  I  affirm  that  the  name  "  Silurian"  given  to  the 
great  Cambrian  series  below  the  Caradoc  group  is  historically  unjust. 
I  claim  this  great  series  as  my  own  by  the  undoubted  right  of  con- 
quest ;  and  I  continue  to  give  to  it  the  name  "Cambrian"  on  the  right 
of  priority,  and,  moreover,  as  the  only  name  yet  given  to  the  series 
that  does  not  involve  a  geographical  contradiction.  The  name  "  Si- 
lurian" not  merely  involves  a  principle  of  nomenclature  that  is  at  war 
with  the  rational  logic  through  which  every  other  palaeozoic  group  of 
England  has  gained  a  permanent  name,  but  it  also  confers  the  pre- 
sumed honour  of  a  conquest  over  the  older  rocks  of  Wales  on  the 
part  of  one  who  barely  touched  their  outskirts  and  mistook  his  way 
so  soon  as  he  had  passed  within  them. 

I  claim  the  rignt  of  naming  the  Cambrian  groups,  because  I 
flinched  not  from  their  difficulties,  made  out  their  general  structure, 
collected  their  fossils,  and  first  comprehended  their  respective  rela- 
tions to  the  groups  above  them  and  below  them,  in  the  great  and 
complicated  palaeozoic  sections  of  North  Wales.  Nor  is  tins  all, — I 
claim  the  name  "  Cambrian,"  in  the  sense  in  which  I  have  used  it,  at  a 
means  of  establishing  a  congruous  nomenclature  between  the  Welsh 
and  the  Cumbrian  mountains,  and  bringing  their  respective  groups 
into  a  rigid  geological  comparison ;  for  the  system  on  which  I  have, 
for  many  past  years,  been  labouring  is  not  partial  and  one  sided,  but 
general  and  for  all  England. 
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0ONATIONB,  171 

Fischer  de  Waldheim,  G.  Litterae  de  Ommatolampe  et  Trachela- 
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fm  the  Meaning  of  the  term  "  Silurian  System  "  as  adopted  by 
Geologists  in  various  countries  during  the  last  ten  years.  By  Sir 
Roderick  Impey  Murchison,  F.R.S.,  G.S.,  Member  of  the 
Academies  of  St.  Petersburg,  Berlin,  and  Copenhagen ;  and  Corr. 
M.  Inst.  France. 

[Read  June  16, 1852.] 

Introduction. — As  in  the  last  memoir  printed  in  the  preceding 
number  of  this  Journal*  my  old  friend  Professor  Sedgwick  has 
animadverted  upon  some  of  my  proceedings  in  establishing  the  Silu- 
rian System  and  in  afterwards  extending  its  application  to  British 
tracts  beyond  those  in  which  it  was  originally  formed, — I  now  offer,, 
with  the  permission  of  the  Council,  a  reply,  which  shall  be  very  brief, 
and  which,  in  vindicating  my  scientific  credit,  will  be  little  more  than 
a  reference  to  documents  published  in  successive  years  on  this  subject. 
Being  perfectly  sure  that,  whatever  may  have  been  the  strength  and 
pungency  of  his  expressions,  Professor  Sedgwick  had  i  >  intention  to 
hurt  my  feelings,  I  am  also  certain,  that  he  will  be  pleased  that  I  thus 
have  an  opportunity  of  explaining  what  I  consider  to  be  the  history 
of  the  origin  and  final  establishment  of  my  own  Silurian  classification. 

*  Vide  supra,  pp.  136  et  seq. 
VOL.  VIII. — PART  I.  N 
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Historical  Retrospect.— (\ 831 .)  In  the  year  1831  Professor  Sedg- 
wick and  myself  commenced,  but  without  any  concert,  our  respective 
surveys,  he  in  North  Wales,  and  myself  along  the  Welsh  and  English 
borders.  In  that  year  he  published  no  notice  of  his  observations ;  but 
on  my  part,  being  then  President  of  the  Geological  Society,  I  laid 
before  the  first  meeting  of  the  British  Association  at  York  (Sept.  1831) 
a  coloured  geological  map  representing  the  succession  of  what  I  then 
termed  the  "  Transition  Rocks,  Old  Red  Sandstone,  and  Carboniferous 
Limestone  on  the  borders  of  Wales*."  My  contemporaries  (Mr. 
Greenough,  Professor  Phillips,  and  others)  who  were  present  will 
recollect,  that  I  then  explained  the  discovery  of  an  infrapoaition  of 
certain  beds  of  fossiliferous  greywacke  to  the  lowest  memoer  of  the 
Ol<l  Red  Sandstone,  and  described  their  general  range  from  the  banks 
of  the  Wye  to  those  of  the  Teme  near  Ludlow,  or  to  that  tract  where 
the  Rev.  T.  T.  Lewis  afterwards  rendered  me  signal  assistance.  The 
discovery  was  made  in  consequence  of  a  resolution  of  my  own  to  en- 
deavour'to  work  out,  if  possible,  a  descending  order  beneath  that 
geological  horizon  to  whicn  previous  researches  had  carried  it.  This 
m -iis  the  origin  of  a  series  of  labours,  the  results  of  which  were  in  suc- 
sfe  years  communicated  to  the  Geological  Society  and  registered 
in  its  Proceedings,  and  which  ended,  in  the  year  1835,  in  my  pro> 
potal  of  the  "Saurian  Svstem." 

( 1 832.)  Professor  Sedgwick's  first  communication  to  the  public  on 
the  structure  of  North  Wales  was  made  to  the  British  Association  at 
it  §  second  Meeting  in  1832,  and  is  entitled  "  A  Verbal  Account  of 
the  Geology  of  Caernarvonshire,"  which  is  reported  in  a  few  lines  of 
r  vpe,  in  which  no  allusion  is  made  to  an  order  of  succession  in  rela- 
tion to  any  known  stratum,  nor  to  rocks  characterised  by  any  organic 
remains. 

(1833.)  In  the  years  1833  and  1834  Professor  Sedgwick  published 
nothing,  as  far  as  I  know,  on  the  subject  of  Wales,  whilst  in  that 
period  I  produced  before  the  Geological  Society  several  memoirs,  de- 
tailed sections,  many  sheets  of  the  Ordnance  Survey  coloured  by 
m  yself  in  the  field,  and  copious  organic  remains,  by  which  in  February 
IK33  a  first  general  view  was  adopted  of  four  fossiUferous  form* 
tiottM,  underlaid  by  a  great  mass  of  unfossihferous  greywackef. 

(1834.)  In  January  1834  the  previous  view  was  sustained,  im- 
proved, enlarged,  and  corrected  in  some  details,  the  formations  be- 
in.  ath  the  Old  Red  Sandstone  being  termed  in  descending  order 
Ludlow  Rocks,  Wenlock  and  Dudley  Rocks,  Horderlev  and  May  Hill 
Rocks  (afterwards  named  Caradoc),  Builth  and  Llandeilo  Flags,  the 
whole  underlaid  by  the  unfossiliferous  greywacke  of  the  Longmynd{. 

Let  me  here  remark,  that  this  my  earliest  corrected  classification, 
and  before  the  word  "  Silurian  "  was  applied  to  it,  is  what  has  been 
eventually  sustained  as  the  true  order  of  nature  in  many  parti  of 
the  world  as  well  as  in  Britain. 

(1835.)  Having  extended  my  researches  from  the  counties  of 


•  Report  of  the  British  Association,  roL  i.  p.  91. 
t  Proceed.  OeoL  Soc  roL  i.  p.  470  «/  sty. 
t  Proceed.  GeoL  Soc  vol.  iL  p.  11. 
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Salop  (Shropshire),  Montgomery,  and  Hereford,  through  those  of 
Radnor,  Brecon,  and  Caermarthen,  and  haying  recognized  an  outcrop 
of  all  the  fossiliferous  strata  above-mentioned,  as  surmounted  by  the 
Old  Red  Sandstone,  I  was  urged  by  geologists  at  home  and  abroad 
to  give  a  distinct  name  to  this  whole  series  of  fossiliferous  beds. 
Hence  the  word  "  Silurian,"  as  propounded  early  in  the  year  1835 ; 
the  System,  as  I  then  termed  it,  being  divided  into  Upper  and  Lower 
groups*. 

Had  I  never  published  a  single  document  beyond  the  memoirs 
already  mentioned,  no  one  could  have  disputed  my  right  in  the  world 
of  science  to  sustain  a  nomenclature  and  classification  which  was  en- 
tirely my  own.  I  had,  in  short,  propounded  a  natural  system,  which. 


To  face  page  174. 

Oral  communications  made  by  Sir  Roderick  Murchison  and  Pro- 
fessor Sedgwick  at  the  third  meeting  of  the  British  Association 
(Cambridge,  1833)  have,  through  inadvertence,  not  been  referred  to. 
These  communications  are,  however,  merely  reported  m  a  few  hnes 
of  type,  and  simply  state  that  the  authors  explained  the  leading  fea- 
tur^of  their  respective  regions ;  Professor  Sedgwick  pomtmg  out 
^relations  of  his  tract  to  that  described  by  Sir  R.  Murchison  of 
which  the  latter  exhibited  coloured  maps  and  sections.  (See  Reports, 
Brit.  Assoc.  Adv.  Sc.  vol.  Hi.  Proceedings,  p.  xxxni.) 

Quart.  Journ.  GcoL  Soc.  vol  viii.  Part  I. 


On  one  occasion  (in  1834)  I  crossed  the  assumed  limit  in  the  Ber- 
wyn  Chain,  travelling  by  the  high-road,  in  his  company,  to  look  for 
a  moment  at  the  Bala  limestone,  which  I  then  believed  to  plunge 
under  those  true  Llandeilo  flags  with  Asaphus  Buchii  which  I  had 
recognized  on  the  east  flank  of  that  chain.  This  idea  of  the  order  of 
infraposition  has  proved  to  be  entirely  erroneous,  and  if  I  "  lost  my 
way  "  in  going  downwards  into  the  region  of  my  friend,  it  was  under 
his  own  guidance.  I  am  answerable  only  for  Silurian  and  Cambrian 
rocks  described  and  drawn  as  such  within  my  own  region. 

Not  seeing  in  that  hurried  visit  any  of  the  characteristic  Llandeilo 
Trilobites  in  the  Bala  limestone,  I  did  not  then  (1834)  identify  that 

*  See  Philosophical  Magazine,  New  Ser.  vol  vii.  p.  46  et  »eg. 

t  Proceed.  GeoL  Soc  vol.  ii.  p.  226. 

t  Quart.  Journ.  Geol.  Soc.  vol.  iii.  p.  161. 

§  Report  of  the  British  Association,  August  1835,  Trans.  Sections,  p.  59. 
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rock  with  the  Llandeilo  flags,  as  has  since  been  done  by  the  Govem- 
ment  Surveyors ;  nor  does  it  ever  appear  to  have  occurred  to  Professor 
Sedgwick  that  these  were  beds  of  about  the  same  age  as  those  which 
we  had  seen  together  on  the  east  flank  of  the  Berwyns,  on  the  banks 
of  the  Twrch,  where  they  were  recogniied  by  me  as  "Uandeflo 
Flags."  But  having  afterwards  ascertained  that  several  species  of 
Orthidfe  which  occur  in  the  Bala  rock  were  common  botk  to  the 
Caradoc  and  Llandeilo  formations,  I  specially  stated,  four  years  after- 
wards, in  publishing  the  '  Silurian  System'  (1838),  "  As  these  shells 
abound  also  in  the  Lower  Silurian  rocks,  it  would  seem  that  as  yet  no 
denned  line  of  zoological  division  can  be  drawn  between  the  Lower 
Silurian  and  Upper  Cambrian  groups,  and  that,  as  our  knowledge 
extends,  we  may  probably  fix  the  lowest  limit  of  the  Silurian  System 
beneath  the  line  of  demarcation  which  has  for  the  present  been 
assumed*.'* 

In  reference  to  the  argument  about  a  "  base-line,"  as  employed  by 
Professor  Sedgwick,  I  must  state  that  in  the  whole  '  Silurian  System' 
the  term  "base-line"  is  never  once  applied  to  these  rocks.  I  had 
1 1  aite  labour  enough  within  my  own  region,  without  being  made  re- 
sponsible for  the  accuracy  of  the  western  boundary  of  my  original 
tap  of  1830,  that  separated  Siluria  from  Cambria;  but  which  ten 
years  ago  I  abrogated,  as  being  wholly  inaccurate.  That  line  was,  I 
i  taintain,  a  boundary  merely  between  one  region  whose  contents  had 
been  worked  out  and  published,  and  another  whose  fossil  contents 
were  unpublished  and  therefore  unknown. 

The  simple  question,  then,  which  every  practical  geologist  hat  long 
ago  answered  in  the  negative,  is  this,  Was  the  Cambrian  system  ever 
m>  defined,  that  a  competent  observer  going  into  an  uninvestigated 
country  could  determine  whether  it  existed  there  f  That  it  was  never 
m)  characterized  is  demonstrated  by  the  successive  publications  of 
Professor  Sedgwick  himself,  to  say  nothing  of  the  inferences  of  every 
one  of  our  contemporaries  who  nave  examined  countries  at  home  or 
broad  in  which  such  rocks  occur.  For  wherever  well-known  Lower 
Silurian  fossils  occurred  in  such  countries,  the  tracts  so  typified  have 
necessarily  been  called  Silurian. 

(1836-48.)  I  have  already  stated,  that  during  the  establishment  of 
the  Silurian  System  and  up  to  the  period  when  it  was  so  named, 
Professor  Sedgwick  published  nothing  on  the  subject ;  and,  although 
lie  refers  to  a  Cambridge  Syllabus  of  Lectures  drawn  up  in  1836,  and 
i  «ued  early  in  1837*  wherein  he  uses  the  word  "  Cambrian"  (I  have 
r  eferred  above  also  to  the  communication  made  at  the  Dublin  Meet- 
i  ig  of  the  British  Association),  it  is  only  in  1838  that  we  meet  with 
the  first  published  abstract  of  a  real  memoir,  his  "  Synopsis  of  the 
I  Inglish  Series  of  Stratified  Rocks  inferior  to  the  Old  Red  Sand- 
tone  "f  ;  followed  in  184 1  by  the  "  Supplement  to  a  Synopsis  of  the 
I  inglish  Series  of  Stratified  Rocks  inferior  to  the  Old  Red  Sand- 
tone  J."  For  the  ^distinctness  of  the  author's  views  on  those  oc- 
casions respecting  the  fossil  contents  of  his  Cambrian  rocks  (two  or 

•  •  Saurian  Syrian/  p.  306.  f  Proceed.  GeoL  Soc  roL  n.  p.  675  H  «f. 

t  Proceed.  GeoL  Soc  roL  Ui  p.  541  et  «y. 
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three  species  of  which  only  are  mentioned,  not  one  being  figured),  I 
refer  to  his  own  words*. 

At  the  same  time  there  came  out  (for  the  work  was  really  issued 
in  1838,  though  1839  is  on  the  title-page)  my  *  Silurian  System'  with 
its  detailed  evidences  and  figures,  by  which,  both  at  home  and  abroad, 
so  many  regions  have  been  assimilated  to  the  Lower  as  well  as  to 
the  Upper  Silurian  tracts  therein  described.  So  far  for  the  priority 
of  our  respective  publications  and  for  the  nature  of  them. 

I  had,  in  a  word,  completed  in  1838  the  illustration  of  a  natural 
system  which  had  been  worked  out  by  fossil  evidences  in  1833,  1834, 
and  1835,  whilst  in  the  same  years  Professor  Sedgwick  had  neither 
shown  the  real  physical  relations  of  his  rocks  to  my  already  well- 
known  types,  nor  had  he  published  any  descriptions  of  fossils  by 
which  his  so-called  "  Cambrian  System"  could  be  recognized  as  enti- 
tled to  a  separate  name. 

{1840-43.)  Unwilling  to  encroach  upon  the  Cambrian  region,  and 
believing,  from  the  delay  of  my  friend  (his  fossils  were  even  then 
unexamined),  that  much  time  must  elapse  before  the  rocks  of  so 
complicated,  contorted,  and  difficult  a  country  as  North  Wales  could 
be  properly  classified,  I  resolved  to  test  the  value  of  my  own  labours 
by  an  extensive  appeal  to  foreign  countries,  and  in  consequence  visited 
Russia  accompanied  by  M.  de  Verneuil  in  1840  and  1841,  where 
Count  Keyserling  joined  us.  The  results  were  so  palpable,  that, 
being  again  President  of  this  Society,  I  put  forth,  in  the  most  pro- 
minent and  public  manner  in  the  first  pages  of  the  Discourses  of 
1842  and  1843,  as  printed  in  the  Proceedings*!",  the  expression  of 
my  conviction,  that  the  Lower  Silurian  rocks  were  the  oldest  fossil- 
bearing  group  ;  adding  my  belief  that  the  same  rocks  ranged  over 
nearly  all  North  Wales. 

I  specially  refer  every  student  in  geology,  who  may  not  have  fol- 
lowed the  process  of  induction  by  which  the  Silurian  classification 
was  thus  applied  generally,  to  the  pages  of  my  Discourse  of  1842 
which  commence  under  the  heading  of  '  Palaeozoic  Geology,'  and  in 
which  the  Silurian,  as  surmounted  by  the  Devonian  and  Carboniferous, 
is  shown  to  be  the  oldest  fossiliferous  system  J.  My  general  view  was 
founded  on  what  I  saw  in  the  north  of  Europe  and  in  Bohemia, 
and  my  distinct  and  final  application  of  it  to  North  Wales  was  made 
in  1843  in  consequence  of  a  traverse  across  that  region  with  Count 
Keyserling,  when  we  found  the  Lower  Silurian  fossils  in  and  around 
Snowdon.  Hence  the  publication  of  my  small  general  Map  of  Eng- 
land, executed  at  the  request  of  the  Society  of  Useful  Knowledge,  m 
which  the  erroneous  line  of  demarcation  between  Siluria  and  Cam- 
bria was  obliterated. 

In  these  proceedings,  which,  in  a  British  geographical  sense,  so 
vastly  extended  the  application  of  the  Silurian  system,  and  which 
showed  why  the  provisional  cartographical  boundary  between  Siluria 
and  Cambria  was  expunged,  I  simply  but  courteously  explained,  that 
a  broad  appeal  to  nature  in  foreign  countries,  followed  by  a  traverse 

*  Op.  cit.  p.  554.  t  Vols.  iii.  and  iv. 
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of  North  Wales,  had  led  me  by  a  process  of  induction,  and  not  by 
any  "  rash  generalization,"  to  adopt  these  views.  In  my  Discourse  of 
1843  I  used  these  words  in  reference  to  the  last  publication  of  Pro- 
fessor Sedgwick  himself: — "The  hope,  however,  which  was  enter- 
tained by  my  friend,  of  finding  these  vastly  expanded  lower  members 
characterized  by  peculiar  groups  of  fossils  has  been  frustrated,  and, 
whatever  may  be  the  thickness  of  the  lowest  palaeozoic  division,  he 
now  fully  admits,  that  zoologically  it  is  from  top  to  bottom  a  Lower 
Silurian  Series*." 

(1845.)  Having  ascertained  that  there  was  a  true  fossfliferous  base 
in  Scandinavia,  Bohemia,  and  other  countries,  I  then  wrote  (1845) 
those  earlier  chapters  in  'The  Geology  of  Russia  and  the  Ural 
Mountains,'  to  which  my  friend  makes  no  allusion,  though  in  them 
the  general  order  from  true  "  base-lines "  was  first  given,  from  an 
unfossiliferous  bottom,  through  the  Lower  and  Upper  Silurian  and 
overlving  palaeozoic  deposits,  to  the  Permian  (then  so  named  by 
myself)  inclusive.  This  was  no  "  downward  development,"  but  an 
original  and  clear  exposition  of  a  true,  natural  ascending  order  from 
a  fossiliferous  base-line. 

This  being  done,  and  the  North  American  geologists  having  adopted 
the  same  views,  it  still  remained  a  desideratum  in  our  own  country  to 
ascertain,  by  physical  and  geological  proofs,  if  the  Cambria  of  Sedgwick 
was  what  I  had  suggested,  t.  e.  essentially  nothing  but  Lower  Silurian. 

In  North  WalesMr.  Davis  made  the  first  approach  to  the  aseer- 
tainment  of  a  base  of  what  he  termed  "  Silurian  Rocks,"  by  the 
discovery  (November  1845)  of  the  now  well-known  Lingula-beds  of 
Tremadocf,  the  true  physical  position  of  which,  in  reference  to  the 
underlying  unfossiliferous  grits  of  Barmouth  and  to  the  overlying 
series  replete  with  common  Lower  Silurian  fossils,  was  subsequently 
carried  out  by  Professor  Sedgwick  and  the  Government  Geological 
surveyors. 

(1846.)  In  all  his  publications  in  the  Proceedings  and  the  Journal 
of  the  Society,  up  to  the  earlv  part  of  1846,  Professor  Sedgwick  made 
no  objections  to  the  sense  which  I  had  so  prominently  attached  to  the 
term  "Silurian9'  in  1841,  1842,  and  1843.  He  had  then  even 
himself  so  applied  my  nomenclature  to  the  rocks  of  Cumberland 
and  Wales,  that  Mr.  Horner,  as  President  of  the  8ociety,  after  a 
full  exposition  of  the  extension  of  the  original  Siluria,  thus  spoke  in 
his  Anniversary  Discourse  of  1846  J  : — "  Since  the  discovery  of  the 
Silurian  key,  he  [Professor  Sedgwick]  has  been  enabled  to  make  a 
dear  and  intelligible  outline  of  the  history  of  these  regions,  which, 
for  a  long  time,  geologists  seemed  to  shrink  from  all  attempts  to  un- 
derstand." 

In  truth,  Prof.  Sedgwick  himself  had  up  to  that  time  invariably 
appealed  to  my  Lower  Silurian  as  well  as  to  my  Upper  SUurian 
division  and  their  respective  fossils  as  his  guides  in  elaborating  the 
fossil  groups  of  Cumberland  and  Wales.  How,  therefore,  could  I,  or 

*  Proceed.  Geol.  Soc  vol  iv.  p.  74 ;  the  tame  opinion  was  prerioutly  mpiuwd 
(1842)  voLuip.549. 
f  Quart.  Jonrn.  Geol.  Soc.  vol.  it  p.  70.  %  IkuL  vol  u.  p.  162. 
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any  one,  suppose  otherwise  than  that  he  had  then  agreed  ex  neces- 
sitate rex  to  the  classification  I  had  proposed,  and  which  all  my 
contemporaries  had  adopted  ? 

The  present  controversy,  which  on  my  part  I  now  close,  began 
at  the  end  of  the  year  1846,  or  eleven  years  after  the  promulgation  of 
the  Silurian  System  in  England,  and  four  years  after  it  had  been  ex- 
tended and  generally  adopted.  In  the  Supplement  to  his  memoir  of 
1846,  "  On  the  classification  of  the  fossiliferous  slates  of  Cumberland, 
Westmoreland,  and  Lancashire,"  Professor  Sedgwick  put  forth  opi- 
nions which  I  was  compelled  to  oppose ;  because  I  foresaw,  that  if  a 
fossiliferous  Cambrian  group  were  to  be  formed  by  the  abstraction  of 
a  portion  of  the  Lower  Silurian,  and  the  Wenlock  shale  thrown  into 
the  Lower  Silurian  as  a  sort  of  make-weight  to  enlarge  the  Caradoc, 
I  might  very  soon  be  called  upon  for  a  further  concession,  and  be 
asked  to  abrogate  entirely  the  lower  half  of  the  system :  this  is  lite- 
rally what  has  followed. 

To  that  memoir*  I  therefore  replied  at  the  conclusion  of  a  paper 
on  the  Silurian  rocks  of  Sweden +.  To  another  and  more  elaborate 
memoir  %  by  my  friend  I  also  replied  §  in  the  paper  entitled  "  On 
the  meaning  originally  attached  to  the  term  '  Cambrian  System,'  and 
on  the  evidences  since  obtained  of  its  being  geologically  synonymous 
with  the  previously  established  term  '  Lower  Silurian.' " 

To  these  two  memoirs  I  refer  young  geologists  for  all  that  I  could 
say  and  which  I  then  thought  settled  the  question  at  issue.  Five 
years  have  elapsed  during  which  I  have  published  nothing  on  this 
controversy.  In  the  mean  time,  however,  authors  who  have  written 
on  palaeozoic  geology,  in  every  part  of  the  world,  have  either  gone  on 
with,  or  adopted  my  terminology ;  and,  what  is  most  gratifying  to 
me  is,  that  the  Government  Geological  Surveyors  have  definitively 
taken  the  same  course,  and  have  in  accordance  coloured  all  their  maps 
and  sections,  and  have  so  named  all  the  fossils  of  the  great  Museum 
presided  over  by  Sir  Henry  de  la  Beche.  All  the  fossils  of  the  re- 
gion of  Cambria  or  North  Wales  (down  to  the  Lingula-beds  inclusive) 
are  now  classified  as  Silurian. 

But  this  band  of  able  men  have  done  much  more.  They  have 
sustained  the  value  of  my  chief  original  sections.  They,  having  also 
used  my  keys,  have  decided,  after  years  of  hard  labour  in  the  field, 
that  the  whole  of  the  fossiliferous  strata  of  North  Wales  are  repeti- 
tions, by  undulation,  of  certain  Lower  Silurian  strata  first  described 
by  me  in  1834,  and  of  which  detailed  coloured  sections  were  finally 
published  in  1838.  Showing  that  my  original  unfossiliferous  base, 
the  Longmvnd  of  Shropshire,  offers  a  more  copious  development  of 
the  unfossiliferous  rocks  to  which  they  now  restrict  the  term  "  Cam- 
brian," than  any  of  the  oldest  slaty  masses  of  North  Wales,  they 
affirm,  that,  overlying  such  unfossiliferous  greywacke  on  the  west,  and 
in  the  order  in  which  I  have  represented  in  coloured  sections  ('  Silu- 
rian System,'  pi.  32.  figs.  1,  2,  3),  the  Lower  Silurian  schists  and 
quartz-rocks  of  the  Stiper  stones  and  the  Llandeilo  series  of  Shelve 

*  Quart.  Journ.  Geol.  Soc.  vol.  ii.  p.  106  et  seq.  f  Ibid.  vol.  iii.  p.  1  et  teq. 
%  Ibid.  vol.  iii.  p.  133,  Dec.  1846.  §  Ibid,  vol.  iii.  p.  165,  Jan.  1847. 
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are  precisely  represented,  after  numberless  undulations,  by  the  oldest 
fossil-bearing  sandstones  and  schists  of  North  Wales. 

That  several  of  my  sections,  where  they  traversed  the  boundary-line 
between  the  Siluria  and  Cambria  of  my  original  map,  are  erroneous, 
as  my  friend  states,  is  necessarily  true.  Yet  even  here,  the  mam 
physical  lines  are  for  the  most  part  faithful  to  nature.  Thus,  in 
Montgomeryshire  on  the  east  slope  of  the  Berwyns,  there  are  schists 
which  conformably  underlie  true  "Llandeilo  flags"  as  represented 
by  me* ;  but  these,  instead  of  being  any  longer  called  Cambria*, 
have  been  shown  by  the  Government  Surveyors  to  be  part  and  parcel 
of  the  Llandeilo  formation.  The  same  authorities  have  further  soown, 
that  the  overlying  and  undulating  masses  of  sandstone,  which  from 
many  of  their  fossils  I  had  termed  Caradoc  sandstone  fMeifod),  are 
really  the  upper  members  of  the  now  more  accurately  defined  Llan- 
deilo group.  I  may  here  observe,  that  the  unconformity  between 
the  Llandeilo  and  the  Caradoc,  which  Ramsay  and  AveJynf  were 
the  first  to  trace  through  certain  counties,  is  after  all  a  local  phae- 
nomenon ;  for  the  same  authors  have  ascertained,  that,  in  the  vicnuty 
of  Bala  itself,  the  equivalent  of  the  Caradoc  sandstone  overlies  con- 
formably the  limestone  which  is  identical  with  that  of  l.ltndnlo  J. 
And  thus  I  am  led  to  adhere  more  than  ever  to  my  old  and  simple 
classification  of  "  Upper  and  Lower  Silurian0  rocks,  and  not  to  divide 
the  latter  into  two  groups,  particularly  when  it  is  now  ascertained 
that  so  very  many  characteristic  species  are  common  to  all  the  lower 
parts  of  the  series,  whether  sandstones,  limestones,  schists,  or  slate*. 
Caradoc  and  Llandeilo  may  be  conveniently  separated  in  certain  tracts, 
but,  as  respects  general  views,  they  constitute  one  natural  group. 

Again,  my  old  sections  in  Pembrokeshire,  such  as  that  near 
Llandewi  Feurey  §,  which  also  indicate  lower  schists  conformable  to 
Llandeilo  limestone,  are  correct,  if  the  name  of  Cambrian  be  omitted. 
In  other  sections  ||  along  the  original  frontier  there  are  even  strata  co- 
loured Cambrian  which  overlie  the  Lower  Silurian,  proving  that  at  all 
events  I  endeavoured  to  draw  fairly  what  I  saw,  though  I  did  not 
then  attempt  to  solve  such  enigmas. 

With  these  physical  obscurities  along  the  frontier-line  I  never 
grappled,  because  they  led  me  away  from  a  region  where  all  was 
comparatively  dear  into  a  highly  complicated  tract,  the  survey  of 
which  Prof.  Sedgwick  had  undertaken :  and  now  that  the  Government 
Surveyors  have  shown  that  our  mutual  boundary-line  was  a  mere  hy- 
pothesis, and  that  the  so-called  "  Cambrian"  is  absolutely  composed 
of  undulations  of  my  Silurian  rocks,  there  is  no  question  at  issue. 

I  trust  that  on  reflection  my  friend  Professor  Sedgwick  will  see, 

*  •  Silurian  System,'  pi.  29.  fie.  9. 

f  Quart.  Journ.  GeoL  Soc  vol  nr.  p.  294  et  *y . 

t  Such  local  unconformity  can  indeed  never  be  admitted  at  a  grosnd  far 
breaking  up  any  natural  group.  In  parts  of  South  Wakes,  for  rrsmph,  one 
portion  of  the  coal  is  iinconformable  to  another ;  and  in  Brittany,  the  great  break, 
differing  essentially  from  that  in  the  Silurian  rocks  of  Wales,  which  is  above 
alluded  to,  occurs  beneath  the  Llandeilo  or  lowest  Silurian  strata,  and  httsw 
these  and  the  unfosstliferous  slates  or  Cambrian. 

§  4  Silurian  System/  pi.  35.  fig.  5.  (|  Ibid,  pt  54  fig.  X 
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that  if  there  be  errors  in  so  large  and  diffuse  a  work  as  the  '  Silurian 
System/  I  ought  not  in  fairness  to  be  judged  in  1852  by  errors  put 
forth  in  1835-38.  How  progressive  our  science  is,  he  has  himself 
shown  in  several  of  his  memoirs,  in  which,  using  the  clue  afforded  by  the 
fossiliferous  rocks  of  the  Silurian  System,  he  unravelled  and  classified 
the  older  rocks  of  North  Wales  ana  Cumberland.  In  justice  also  he 
will  not,  I  am  sure,  ignore  what  was  done  by  myself  and  associates  in 
foreign  countries,  where  we  traced  a  "  base-line "  on  a  great  scale. 
Ten  years  have  elapsed  since  I  applied  that  view  to  Britain,  and  I 
claim,  therefore,  to  be  judged  only  by  the  final  and  extended  Silu- 
rian System  which  was  promulgated  in  1842,  and  not  by  every  detail 
in  the  original  work  of  1838 ;  though  I  am  well  pleased  to  find  that 
its  general  views  have  been  sustained  by  the  researches  of  the  Govern- 
ment Surveyors. 

Together  with  proofs  of  physical  identity,  the  Naturalists  of  the 
Government  Survey  have  satisfied  themselves,  that  the  Silurian, 
though  locally  divisible  into  parts  and  formations,  is  one  Natural 
History  System,  and  as  such  they  have  arranged  it ;  showing  that  a 
very  great  number  of  the  species  of  its  fossils  are  common  to  its 
lower  and  upper  divisions.  I  am  further  distinctly  assured,  both  by 
their  publications  and  by  many  recent  communications,  that  eminent 
palaeontologists  of  foreign  countries  are  of  the  same  opinion;  and 
in  proof  of  it  they  have  adopted  the  word  "Silurian"  as  applied  by 
myself  during  the  last  eleven  years,  to  the  lowest  known  fossil- 
bearing  strata. 

Widely  as  the  Lower  Silurian  rocks  are  expanded  in  North  Wales, 
and  mterkniinated  as  they  are  there  with  huge  igneous  masses,  they 
contain  no  greater  number  of  fossils  characteristic  of  their  age,  than 
beds  of  only  a  twentieth  part  their  thickness  in  some  other  parts  of 
the  world.  The  Silurian  rocks  of  Norway,  for  example,  as  copiously 
laden  with  fossils  as  strata  of  the  same  age  in  any  other  part  of 
Europe,  rise  up  to  the  east  and  west  from  beneath  the  Old  Red  Sand- 
stone of  Ringerigge,  and  so  occupy  the  depressions  of  Christiania  and 
Steensfiord,  that  both  the  lowest  and  uppermost  members  of  the 
System  are  repeated  in  undulations  within  tne  space  of  a  mile  or  two, 
are  perfectly  conformable,  and  utterly  inseparable.  The  accompa- 
nying section,  which  I  made  in  the  year  1844,  fully  explains  the 
pnaenomena*. 

It  therefore  follows,  that  if,  when  Professor  Sedgwick  formerly  exa- 
mined the  rocks  of  Cambria,  he  had  ascertained  by  examination  that 
both  the  strata  and  the  fossils  were  really  the  same  as  what  I  de- 
scribed as  Lower  Silurian,  and  that,  in  consequence,  two  distinct 

*  A  rough  and  imperfect  sketch  of  this  important  section  appeared  in  the  Pro- 
ceedings of  April  30, 1845  (Quart  Journ.  Geol.  Soc  vol.  i.  p.  469) ;  and  an  en- 
larged and  more  correct  sketch,  taken  from  '  The  Geology  of  Russia  in  Europe  and 
the  Ural,'  was  inserted  in  4  Miscellanea'  of  the  second  volume  of  the  Quart.  Journ. 
Geol.  Soc  (Part  II.  p.  71).  In  this  position,  however,  it  has  escaped  notice ; 
and  it  is  here  reproduced  in  illustration  of  the  above  remarks  on  the  facts  relating 
to  the  small  development  of  the  rich  Upper  and  Lower  Silurian  rocks  in  Norway. 
— [R.I.M.] 
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names  had  been  applied  to  that  which  is  ascertained  to  be  one  natural 
system,  great  disservice  would  have  been  done  to  geological  science. 

I  am  now  well  pleased  to  find,  that,  with  the  exception  of  my 
old  friend,  all  my  geological  contemporaries  in  my  own  country 
adhere  to  the  unity  of  the  Silurian  System,  and  thus  sustain  its  gene- 
ral adoption.  In  fact,  they  know  that  the  proposed  application  of  the 
word  "Cambrian"  must  necessarily  cause  an  alteration  of  a  funda- 
mental character  in  the  nomenclature  used  in  every  memoir  and  work 
on  rocks  of  this  age  during  the  last  ten  or  eleven  years ;  for  the  Lower 
Silurian  rocks  of  North  Wales  so  described  by  Sharpe,  Phillips, 
Davis,  and  Ramsay,  and,  finally,  so  styled  in  all  the  Government 
works  by  Sir  H.  foe  la  Beche, — the  Lower  Silurian  of  Ireland  so 
named,  mapped,  and  illustrated  by  Griffith,  Portlock,  and  M'Coy, — 
and  the  Lower  Silurian  of  Scotland  so  expounded  and  illustrated  by 
Moore,  Nicol,  Harkness,  Salter,  and  myself — must,  according  to  Pro- 
fessor Sedgwick's  project,  be  changed  to  Cambrian.  Again,  the  British 
writers  on  general  geology,  Lyell,  De  la  Beche,  Mantell,  Ansted,  as 
well  as  £.  Forbes  and  all  palaeontologists,  must  alter  the  names  and 
arrangements  they  have  adopted. 

Still  more  striking  would  be  the  revolution  as  respects  foreign 
countries ;  for,  as  Russia,  France,  Spain,  and  other  regions  offer  only 
very  slight  traces  of  the  Upper  Silurian,  the  System  must  virtually  be 
there  expunged,  and  the  word  Cambrian  be  substituted  in  all  works 
and  maps.  The  elaborate  and  valuable  monograph  of  Barrande,  '  The 
Silurian  Basin  of  Bohemia,'  must  not  only  have  a  fresh  name,  but  the 
whole  principle  of  classification  of  that  able  writer,  who  distinctly 
affirms  that  it  is  one  great  system  of  life  as  of  rocks,  must  also  be 
changed ;  whilst  in  America  the  "  system  "  which  Hall  and  others 
have  so  well  paralleled  with  the  "  Silurian,"  and  the  writings  and 
maps  of  Logan  on  the  Canadas,  must  all  be  re-cast  and  re-named. 

I  may  here  say,  that  I  was  never  so  truly  gratified  as  when  my 
contemporary  brother  workmen  (my  old  friend  Professor  Sedgwick 
being  one  of  them)  united  in  recommending  me  as  worthy  of  the 
highest  British  scientific  honour ;  and  I  specially  recur  to  this  point, 
because  the  Copley  Medal  of  the  Royal  Society  was  bestowed  on 
me  in  the  year  1849,  not  merely  for  the  publication  of  the  Silurian 
System  of  1838,  but  also  for  its  subsequent  and  extended  application 
to  other  countries*. 

No  one  more  regrets  than  myself  that  Cambria  should  not  have 
proved  what  it  was  formerly  supposed  to  be,  more  ancient  than  the 
Silurian  region,  and  thus  have  afforded  distinct  fossils  and  a  separate 
system ;  but,  as  things  which  are  synonymous  cannot  have  separate 
names,  there  is  no  doubt  that,  according  to  the  laws  of  scientific 
literature,  the  term  "  Silurian  "  must  be  sustained,  as  applied  to  all 
the  fossiliferous  rocks  of  North  Wales. 

Lastly,  let  me  say  to  those  who  do  not  understand  the  nature  of 
the  social  union  of  the  Members  of  the  Geological  Society,  that  the 

*  The  terms  in  which  the  Copley  Medal  was  awarded  in  1849  are — "  For  the 
eminent  services  he  has  rendered  to  geological  science,  and  for  his  works, '  The 
Silurian  System '  and  4  The  Geology  of  Russia  and  the  Ural  Mountains  V 
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controversy  which  has  prevailed  between  the  eloquent  Woodwardiau 
Professor  and  myself  has  not  for  a  moment  interrupted  oar  strong 
personal  friendship.  I  am  indeed  confident  we  shall  slide  down  the 
nity  of  life  with  the  same  mutual  regard  which  animated  us  formerly 
when  climbing  together  many  a  mountain  both  at  home  and  abroad. 


March  10,  1852. 

The  following  communications  were  read : — 

1.  On  the  Upper  Tertiaries  at  Copford,  Essex. 
By  John  Brown,  Esq.,  F.G.S. 

Of  the  geological  features  of  the  county  of  Essex,  none  are  more  in- 
teresting than  its  various  freshwater  deposits,  especially  those  of 
Grays,  Clacton,  and  Copford.  Notices  of  these  deposits  have  appeared 
at  various  times  *,  and  a  general  description  of  the  freshwater  beds  and 
erratic  tertiaries  of  the  last-named  place  forms  the  subject  of  the 
present  paper. 

The  Copford  freshwater  beds  have  been  for  several  years  exten- 
sively excavated  to  obtain  brick-earth,  and  an  idea  of  the  relative 
position  of  the  beds  exposed  by  these  excavations  is  given  by  the  ac- 
companying section.  The  clay  or  "  earth  "  is  obtained  from  three 
extensive  workings,  hereafter  referred  to  as  the  western,  eastern  f,  and 
southern  sections  respectively.  Other  sections  of  these  beds  have 
also  been  obtained  by  casual  excavations  and  by  borings,  to  the  west 
and  south  of  the  brick-field.  This  brick-field  is  about  half  a  mile 
N.W.  of  Stan  way  Church,  and  lies  between  the  railway  and  the  high 
road,  occupying  about  five  acres.  The  ground  slopes  from  the 
high-road  northward  to  the  flat  marshy  ground  which  is  crossed  by 
the  railway  embankment. 

Although  the  Copford  deposit  cannot  boast  of  such  a  long  and 
varied  list  of  fossil  Mammalia  as  those  of  Grays  and  Clacton,  it  is 
richer  in  land  and  freshwater  Molluscs ;  that  of  Clacton  having  pro- 
duced about  fifty  species,  and  Grays  about  forty-five  species,  while 
Copford  has  afforded  sixty-nine  species,  as  far  as  investigations  in 
these  deposits  have  hitherto  gone. 

In  describing  the  series  of  beds  forming  this  deposit,  we  shall  begin 
at  the  bottom  of  the  section. 

•  dm,  Loudon's  Mag.  Nat  Hist.  1836,  vol.  ix.  p.  261 ;  Mag.  Nat.  Hist.  N.S. 
1838,  ▼oLii.p.  546. 

Omctom,  Mag.  Nat.  Hist.  N.S.  1838,  toL  it  p.  163,  and  1840,  toL  hr.  p.197;  Proc 
GeoL  Soc  1846,  toL  iv.  p.  523,  and  Quart.  Joorn.  GcoL  Soc  ▼oLi.  p.  341. 

Oft/W,  London's  Mag.  Nat  Hist  1834,  vol.  rii.  p.  436,  and  1836,  vol  ix. 
p.  429 ;  Proa  Geol.  Soc.  1843,  toL  hr.  n.  164. 

The  above  together  with  Brmtford,  Mag.  Nat  Hist.  N.S.  1838,  voLii  p.  539. 

Shdto*  (ftf/bAt),  London'i  Mag.  Nat.  Hist.  1834,  voL  vii.  p.  274. 

t  The  distance  between  the  east  and  west  excavation  is  about  250  rank. 
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Kg.  1 . — Diagram  showing  the  relations  of  the  Freshwater  Beds  of 
the  Copford  Brickfield. 

N.      "  Eastern  Section."  "  Southern  Section."  S. 


1 .  Brown  clay  with  pebbles,  &c. 

1'.  Brown  sandy  loam. 

S.  Shell-marl  and  ferruginous  sands  (farrowed  surface). 

9f.  The  same,  passing  into  clay,  rich  with  shells. 

5.  Vegetable  bed. 

4".  Yellow  and  brae  clays,  laminated. 

6.  Grey  sandy  gravel. 
If.  Sandy  gravel. 


Bones  and  shells. 


Shells. 

Bones  and  shells. 


Shells  and  drifted  fossils. 


In  digging  through  the  bed  No.  4  of  the  section  (fig.  1),  the 
workmen  meet  with  a  bed  of  sand  and  gravel  (No.  5),  with  cal- 
careous concretions,  rounded  chalk-debris,  flints,  both  rounded  and 
angular,  boulders  of  lias,  and  other  rock-fragments.  This  bed  is 
very  rich  in  fragments  of  Ammonites,  Ostrea,  &c,  and  organic  remains 
(for  the  most  part  small)  derived  from  the  tertiary  and  secondary 
formations. 

Drifted  Organic  Remains  from  the  Tertiary  and  Secondary 
Formations. 


Belemnites  acutus. 
Avicula  inaequivalfis. 


Lias. 


OOLTTB. 


Large  fragment  of  bone,  impregnated 

with  iron  pyrites. 
Belemnites. 
Bissoa. 
Trochns. 
Perna. 

Ostreae  and  Gryphee  (small). 
Millericrinus?  {Gold/k*8,  pL  78.  f.  7  / 

and  7  X)  and  others  (?  Oolitic). 
Bchinodermata  (spines). 
Fish  teeth. 


Nucula. 

Pentacrinns  Briarens. 


Spirolina         (Oxford  Clay). 
Chemnitzia  „ 
Ammonites  ornatus  „ 

 Lamberti  „ 

 MarisB  „ 

 biplex  (Kim.  Clay). 

 spinosus  ,, 

Aptychos  ff 
Exogyra  yirgula  „ 
Pleurotomaria  „ 
Serpula  (Corobrash). 


Gbbbnsand. 


Littorina  carinata. 

Belemnites  attenuatus, 

■  ininimus. 
Inoceramus  sulcatus. 

Plagiostoma  spinosum. 
Inoceramus  (fragments). 
Ostres  (small). 
Terebratulina  striata. 
 gracilis. 


Gault. 


Chalk. 


Serpula. 

Frondicularia. 
Crustacean  remains. 
Fish  teeth. 

Bhynconella  Mantelliana. 
1  Cuvieri. 
Crania  Egnabergensis. 
Serpula  granulate  and  others. 
Apiocrinus  ellipticus  (ossicles). 
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Pentacrinus  (ossicles),  Duron,  F<m.  FlabelUna. 

9u$$ext  pL  20.  f  .  6a,  7  6.  Nodotaria  Zippei. 

 ,  ibid.  pi.  19.  f.  15.  Blargumlina  ensts. 

 Agmsaizii,  ibid. pL  19.  f.3«.  Cristellaria  rotulata. 

Cidaris  sceptrifera  and  others.  Dentalina. 

Asteriat  and  Ophiora.  Spirolina  irregularis. 

Pollicipes  maxim  us  and  others  ?   lagenaUs. 

Batrdia  sahdeltoidea.  Litnola  nantilotdea. 
Cytherella  ovata.  Ventriculites. 
Frondicularia  Verneuiliana.  Many  species  of  Bryozoa. 
 Archiaciana.  Fish  teeth  (Lamna,  Ac). 

Turn  ait. 

Potamomya.  Bryozoa.  Fish  bones  and  teeth. 

Land  and  Freshwater  Shells  from  Bed  No.  5. 

Zonites  rotundatus.  Valvata  piscinalis. 

 crystallinut.  Bithinia  tentaculata  (chiefly  oper- 

 nitidulus.  cult). 

Carychium  minimum.  Odostomia  ? 

The  bed  No.  4  consists  of  blue  day,  containing  a  large  quantity  of 
calcareous  matter.  It  is  about  11  feet  in  thickness,  and  its  sur- 
face is  undulated  throughout.  At  the  southern  part  of  the  eastern 
excavation  this  bed  passes  upwards  into  a  yellow  clay  (4\  in  the  Sec- 
tion) 6  feet  thick,  with  numerous  small,  irregularly  rounded  concre- 
tions of  carbonate  of  lime  ("  race"  of  the  workmen).  In  a  section 
opened  in  the  southern  part  of  the  field  in  1836*,  and  separated 
from  the  eastern  section  by  a  strip  of  ground  that  is  not  worked, 
consisting  probably  of  bed  No.  5,  and  forming  as  it  were  a  ridge 
traversing  the  field  from  £.  to  W.,  appears  a  yellow,  sandy  day  (4s,  m 
the  Section),  laminated,  about  10  feet  thick,  dipping  to  the  sooth, 
and  there  passing  into,  and  alternating  with,  similar  day  of  a  blue 
colour.  In  this  laminated  yellow  day  are  found  numerous  »thin 
calcareous  concretions,  flat,  and  irregular  in  shapef ;  as  well  as  a  few 
of  the  roundish  calcareous  bodies,  above  mentioned.  The  yellow  day 
rests  on  a  sandy  gravel  (51  in  the  Section) ;  towards  the  surface  it 
sometimes  contains  much  chalk-debris;  and  at  places  it  is  seen  to 
pass  upwards  into  an  obscurely  laminated  brown  loam.  In  the  west- 

•  See  Loudon's  Mag.  Nat.  Hit*,  vol  ix.  p.  429. 

f  See  Loudon's  Mac.  Nat.  Hist.  1836,  vol.  ix.  p.  430.  The  following  obserra- 
tkmt  on  the  "  Race,"  both  from  the  laminated  and  the  non4aminated  days,  have 
been  kindly  supplied  by  H.  C.  Sorby,  Esq.,  F.O.S.  When  a  portion  of  the  toll 
part  of  one  of  the  subglobote  bodies  above  referred  to  it  spread  in  water  aad  exa- 
mined under  a  high  power  with  polarised  light,  it  is  seen  to  consist  of  fine  grata* 
of  quartx-tand,  mica,  more  or  lets  decomposed  felspar,  peroxide  of  iron,  aad  a 
large  proportion  of  calcareous  ptrtidet.  The  greater  part,  if  not  the  whole,  of 
the  caicareout  particles  appear  to  have  been  derived  from  chalk ;  for  numerous 
characteristic  fragments  of  the  F%r*mmm\f*vt  of  which  that  deposit  it  almost 
entirely  composed,  are  found  in  it  The  harder  portions,  and  a  considerable  pro- 
portion of  the  soft,  present  such  characters  at  render  it  almost  certain  that  they 


had  a  similar  origin,  but  that  they  have  since  undergone  a  considerable  i  

of  crystalline  consolidation ;  and  this  is  especially  the  case  with  the  hard,  tat 
pieces,  which  have  a  wtierworn  appearance,  whose  structure  it  identical  with  the 
harder  parts  of  the  rounder  and  totter  ones.  On  the  whole,  1  am  of  opinion  that 
they  were  formed  from  a  mixture  of  chalk  and  fine  clay,  and  that  they  have  since 
been  consolidated  by  the  action  of  carbonic  water;  and  this  process,  having  in 
some  oases  proceeded  from  certain  centres,  has  given  rite  to  the  nodular  portion* 
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em  part  of  this  excavation  (which  is  somewhat  basin-shaped),  the 
yellow  clay  laminae  vary  in  their  dip  from  S.  to  S.E.  and  to  nearly  £. 
This  laminated  yellow  and  bine  clay  is,  in  my  opinion,  the  same  as 
the  blue  clay  of  the  eastern  and  western  sections,  which  latter  is  co- 
extensive with  the  other  beds,  hereafter  mentioned,  that  occupy  the 
site  of  what  appears  to  have  been  an  ancient  freshwater  lake,  being 
more  than  a  mile  in  extent  from  east  to  west,  and  about  three- 
quarters  of  a  mile  in  a  north  and  south  direction. 

The  clay  undergoes  a  process  of  puddling  and  washing  in  a  horse- 
mill  preparatory  to  its  being  used  in  brick-making ;  and  from  the 
debris  of  these  washings  various  organic  remains  and  rock-fragments 
have  been  obtained : — rolled  fragments  of  chalk,  rolled  and  angular 
flints,  fragments  of  Kimmeridge  clay,  and  minute  fossils  from  the 
upper  secondary  rocks. 

I  have  formerly  noticed  the  occurrence  of  fragments  of  freshwater 
shells  in  the  upper  part  of  the  blue  clay  (No.  4  of  the  Section), 
especially  Valvata  and  opercula  of  Bithinia ;  and  on  a  recent  re- 


Fig.  2. — Metacarpal  of  large  Bear,  from  Copford. 


e  a 


a.  Upper  surface,  e.  Lateral  view. 

b.  Proximal  articular  lurface. 
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Pig.  3.— Molar  Tooth 
of  Extinct  Beaver, 
from  Copford. 


a.  Lateral  Tiew. 

b.  Grinding  curf&ce. 


examination  of  portions  of  this  bed,  the  fol- 
lowing remains  have  been  found : — 

Limneus  pereger.  Vahata  cristata. 

Succinct.  Cycles  ? 

PUnorbU  albus.  PSsidinm  amnirwm. 

—  imbricatus.  Candons  reptans. 

Bithinia  (opercula).   lucens. 

Vahata  pisrinalis.  Cypris  gibbe. 

The  shells  are  much  more  abundant  in  the 
upper  part  of  the  clay  than  below,  which 
latter  is  mixed  with  siliceous  sand,  ferrugi- 
nous grains,  minute  fragments  of  chalk,  and 
a  few  of  the  most  common  chalk  Foramt- 
nifera,  together  with  portions  of  SpAagmwm. 

The  following  also  have  been  obtained 
from  the  blue  clay : — 

Elephant ;  cuneiform  bone  of  right  fore-foot,  large 

fragments  of  leg  bone,  and  fragments  of  ribs. 
Stag;  scapula  and  antlers. 
Aurochs;  horn-core. 

Bear;  metacarpal  bone  (fourth  digit).   Very  large 

species  (fig.  2).  , 
Beaver ;  two  molar  teeth*.  Extinct  ?  species  (fig.  3). 


*  Some  observations  by  Mr.  Waterhouse  on  the  Beaver  teeth  and  the  Bear's 
bone  axe  given  in  the  following  note . — 

"  British  Museum,  July  16,  1852. 

"  My  Dkae  Sib., — I  hare  compared  the  two  molar  teeth  of  the  Beaver,  frosn 
Copford,  with  the  teeth  of  the  European  and  North  American  species,  also  with 
the  teeth  of  a  Beaver  from  the  Pens  of  England,  and  with  those  of  a  jaw  found  at 
Ilford.  I  have  little  doubt  that  the  Copford  tooth,  above  figured,  is  the  second 
molar  of  the  right  side  of  the  lower  jaw.  It  may  be  observed  that  this  specimen 
differs  from  all,  in  the  direction  of  the  folds  of  enamel,  and  in  being  larger. 

"  The  bindermost  of  the  three  inner  folds  of  enamel  runs  directly  towards,  and 
meets  the  outer  fold  in  the  middle  of  the  tooth ;  and  both  folds  are  perfectly  straight. 
In  the  European  Beaver,  the  inner  fold  in  question,  upon  meeting  the  outer  fold* 
is  bent  suddenly  backwards;  besides  which,  in  the  recent  skull  and  in  the  fossil 
from  Ilford,  there  is  a  second  little  branch  thrown  backwards  from  the  posterior 
internal  fold. 

M  The  transverse  diameter  of  this  tooth  measures  5  lines1  at  the  crown,  and  6 
lines  at  the  root ;  and  the  antero-posterior  diameter  of  the  crown  is  4  lines1;  front 
this  it  will  be  seen  that  the  crown  of  the  tooth  as  represented  in  the  woodcut  is 
rather  under  the  natural  size.  The  second  Beaver  tooth  from  Copford  scarcely 
differs  from  that  of  the  European  species. 

M  The  foot-bone  belongs  to  a  Bear  of  large  size  (fully  equal  to  the  Unm  ajpe- 
fcrat  in  this  respect),  and  is  the  fourth  metacarpal  of  the  right  fore-foot. 

"  Faithfully  yours, 

"  7b  John  flrosm,  Of.,  P.GS."  -  Geo.  R.  WATtmaotTsa." 


1  Scarcely  4  lines  in  a  very  large  Bearer  skull  (rather  more  than  6  inches  in 
length)  from  the  River  Donau. 

*  Pour  lines  in  the  Bearer  skull  from  the  River  Donau.  The  proportions,  then, 
_jif  the  crown  of  the  Copford  tooth  differ  from  those  of  the  recent  animal  The 
^sroel  of  the  Copford  tooth  is  broken  away  at  the  extreme  edge  in  the  front  of 
tQe^  tooth,  but  this  is  allowed  for  in  the  dimension. 

been  « 
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On  this  calcareous  clay  we  have  a  very  compact  deposit  of  vegetable 
matter  (No.  3  of  the  section),  generally  from  3  to  12  inches  thick, 
bat  at  the  eastern  section  it  increases  northward  to  a  thickness  of  6 
or  7  feet.  It  is  similar  to  peat,  bnt  not  so  inflammable,  having  a  small 
portion  of  argillaceous  matter  distributed  throughout  its  mass.  It  is 
often  incorporated  with  the  upper  portion  of  the  blue  clay.  In  this  bed 
have  been  found  compressed  branches  of  trees  and  shells  of  the  FaU 
tata  piscinalis,  and  in  1836  I  found  Cyclas  rivicola  in  groups. 

Over  this  layer  of  vegetable  matter  there  occurs  a  bed  of  shell-marl 
(No.  2  of  the  section),  from  1  to  6  feet  thick,  which  lies  conformably 
on  the  undulatory  surface  of  the  blue  clay,  into  which  it  sometimes 
sends  down  obhque  veins  (west  section).  This  bed  dips  to  the  north 
with  a  slight  angle  (about  5°),  and  thins  out  towards  the  southern  part 
of  the  brick-field.  It  varies  considerably  in  its  character  throughout 
this  area,  sometimes  consisting  wholly  of  a  white  calcareous  marl, 
having  a  chalky  appearance,  and  sometimes  of  the  latter  alternating 
with  ferruginous  sands,  or  passing  into  sand  or  clay.  In  the  western 
excavation  it  is  chiefly  composed  of  white  sand  and  shell-fragments 
(Valvata  piscinalis).  In  the  first-named  condition,  no  shells  or  parts 
of  shells  have  been  found  in  it,  although  most  probably  it  is  wholly 
derived  from  the  decomposition  of  accumulated  remains  of  dead  mol- 
luscs. When  it  becomes  sandy,  however,  both  broken  and  perfect 
shells  are  not  rare ;  but  when  it  passes  into  clay,  the  remains  of  land 
and  freshwater  molluscs  are  abundantly  found  in  a  perfect  state.  In 
the  light-coloured  clay  (21,  of  the  Section),  into  which  the  marl  passes 
in  one  part  of  the  eastern  section  exposed  in  1850,  thirty-two  species 
have  been  found. 


List  of  Land  and  Freshwater  Molluscs*  from  the  Copford  Shell- 
marl  (2  and  21  of  the  Section). 


Land  Shells. 


Umax  agrestia  fW.)*t 

 carinatus  (E.). 

Helix  hortensis  (W.E.). 

 nemoralis  (W.E.). 

 arbustoram  (W.E.). 

 hispida  (W.E.). 

 concinna  (W.E.). 

 pulchella  (W.E.). 

 rolva(W.E.). 

—  rasca(E.). 

 rufescens  (W.E.). 

 depiktt(lL). 

 aculeate  (W.B.). 

 lamellate  (W.E.). 

 incarnate  ?  (W.)  (Extinct) 

 iericea  (W.). 

 lapicida  (W.). 


Helix  rnderate  (W.).  (Extinct.) 

 ,  ova  of  (W.). 

Zonites  rotundatus  (W.E.). 

 radiatulus  (W.E.). 

 puma  (W.). 

 nitidulus  (W.E.). 

—  pygmaeus  (W.E.). 

 crystallinus  (W.E.). 

 celUrius  (W.). 

 alliarius  (V.). 

 lucidus  (W.). 

Bnlimiu  obscurus  (W.). 

 icntua?  (W.). 

Azeca  tridens  (W.i. 
Zoa  lubrica  (W.E.) 
Papa  marginata  ( 
 umbUicata  (W.). 


4 


*  The  nomenclature  here  used  is  that  of  Gray*a  4  Turton'a  Manual/  in  accord- 
ance with  which  the  ahells  were  named  when  the  collection  was  first  formed. 

t  W.  denotes  that  the  shell  haa  been  found  in  the  western  part  of  the  field,  and 
E.  in  the  eastern  part. 
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Pupa  anglica  (W.). 
Vertigo  palustrii  (W.E.). 

 pusilla  (W.B.). 

 edentola  (W.E.). 

 pygmea  (W.). 

 angustior  (W.). 

 alpestris  (W.). 


Sucdnea  putris  (W.E.). 

 PfehTeri  (W.E.). 

Limneus  truncatnlus  (W.E.). 

 pew^(W0. 

 palustris  (W.E.). 

 stagnalis?  (WA 

Physa  hypnorum  (WO- 
PlanorbU  spirorbis  fW.B.). 

 contortui  (W.). 

 margiiiatus  (W.)- 

 imbricatua  (W.). 


ValTet  of  Candona  taoent  (W.). 

In  this  marl  the  horn-core  and  bones  of  Ox,  antlers  of  Stag,  and 
bones  of  Elephant  have  been  met  with. 

It  may  be  observed  that  the  shell-marl  does  not  appear  to  be  of 
much  use  to  the  agriculturist  as  a  top-dressing,  it  haying  failed  to 
produce  the  effects  which  result  from  the  application  of  chalk  to  the 
land. 

Figures  of  the  two  extinct  land-shells  above-mentioned  are  given 
in  the  accompanying  woodcut,  fig.  4. 

Fig.  4.— Extinct  Shells  from  the  Freshwater  Beds  at  Copford. 

•# 

a  »  r  4  t 

Helix  incarnate.  4*.  Helix  radaraU  (iiifiHil 

Overlying  the  white  marl  is  an  unstratified  deposit  of  reddish- 
brown  day  (No.  1  of  the  section),  containing  chalk-nodules,  rounded 
and  angular  flints,  boulders  of  greywether  and  other  sandstones, 
limestones,  conglomerates,  and  porphyritic  rocks.  This  clay  is  from 
1  to  6  feet  thick  ;  the  greatest  thickness  occurring  in  the  northern 
part  of  the  field.  To  the  south  it  passes  over  the  limit  of  the  marl- 
beds,  and  rests  on  the  yellow  bed  into  which  the  blue  clay  or  brick- 
earth  passes.  No  organic  remains  have  been  found  in  this  brown 
clay,  excepting  a  molar  tooth  of  a  Horse,  and  this  was  obtained  near 
its  junction  with  the  white  marl. 

At  the  western  and  northern  parts  of  the  field  there  is  a  superficial 
bed  of  peat,  about  1  foot  in  thickness,  with  recent  land  and  fresh- 
water shells,  many  of  which  retain  their  epidermis. 


Vertigo  tubatriata  (W.). 
Clausilia  bidens (W.)« 

 nigricans  (W.). 

 Rolphii  (W.). 

Acbatina  actcula  ?  (W.). 
Carychium  minimum  (W.E.). 
Acme  rosea,  and  var*,  letenicd  (W.). 

Frmkwter  Sk*B$. 

Planorbit  nitidus  (W.). 

 albtu  (WJ. 

 vortex  (W.). 

Bithinia  tentaculata  (W.E.). 

 ventricosa  (WX 

Valvata  piarinalis  (W.B.). 

 cristate  (B.). 

Pisidinm  obtusale  (E.). 

 pnlcbeUnm  (E.). 

 pnsillum  (W.). 

Unio  or  Anodon,  fragments  of,  ?  (W.). 


EiUomottntea. 
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Having  thus  described  the  Copford  deposits  in  detail,  I  would 
observe  that  the  sandy  gravel,  No.  5,  appears  to  me  to  belong  to  the 
Till  or  Boulder-clay.  The  blue-clay  or  brick-earth  (No.  4)  I  have 
long  considered  to  be  a  modification  of  that  deposit  on  account  of  its 
organic  and  mineral  contents,  which  have  originally  been  derived  from 
a  distance ;  and  the  brown  clay  with  boulders  also  (No.  1)  certainly 
contains  evidence  of  an  origin  identical  with  that  of  the  boulder-clay. 
The  angular  flints  and  sandstone-boulders  especially,  scattered  over 
the  surface  here,  are  similar  to  those  of  the  Till  of  the  neighbouring 
parts  of  Essex.  From  the  Till  of  Bures,  and  in  the  cutting  of  the 
Stour  Valley  Railway,  fossil  remains  have  been  obtained  in  great 
abundance,  together  with  boulders  and  angular  fragments  derived 
from  various  of  the  older  formations.  The  Till  continues  southward 
from  Copford  to  near  the  coast,  at  places  assuming  a  more  chalky 
character. 

List  of  Rocks  and  Minerals  forming  Boulders  and  Gravel  in  the 
Till  of  Copford  and  its  neighbourhood*. 

London  Clay  Septaria.  Copford. 

Nodules  of  Pyrites  and  Crystals  of  Selenite. 

Greywether  Sandstone  (one  angular  block  weighing  30  cwt.). 

Hertfordshire  Puddingstone,  in  large  angular  fragments. 

Chalk,  in  large  boulders. 

Unrolled  chalk-flint  and  large  angular  flints.  Copford. 
Limestones,  with  and  without  fossils  (Oolite,  Lias,  &c).  Copford. 
Hard  Lias  Limestone,  grooved  and  polished. 
Porous  siliceous  rockf ;  abundant  in  the  Till  and  gravels  of  the 
neighbourhood. 

*  For  a  list  of  Rock-specimens  from  the  Till  of  Ballingdon  Hill,  Essex,  see  Mag. 
Nat.  Hist.  1836,  vol.  ix.  p.  43. 

f  Mr.  Sorby  has  obligingly  favoured  us  with  some  remarks  on  this  peculiar 
rock.  This  rock,  he  observes,  is  one  of  great  interest,  having  such  a  structure  as 
to  well  deserve  a  detailed  description,  which  I  shall  probably  give  on  some  other 
occasion.  At  present  I  need  only  say  that  it  appears  to  have  been,  originally, 
similar  to  one  of  those  varieties  of  limestone  which  consist  to  a  great  extent  of 
fine  rounded  grains  of  calcareous  organisms,  more  or  less  slightly  coated  with  a 
layer  of  the  same  in  a  more  finely  comminuted  condition,  along  with  a  little 
fine  clay,  so  as  to  form  an  incipient  oolite,  the  grains  of  which  have  not  received 
so  thick  a  coating  as  to  develope  a  genuine  oolitic  structure.  I  am  not  acquainted 
with  any  of  exactly  the  same  character  as  this  appears  to  have  had,  but  some  of 
the  oolites  in  Lincolnshire  are  very  closely  allied  to  it  Its  present  condition  has 
resulted  from  sQicification,  which  has  removed  the  calcareous  matter,  and  left 
the  spaces,  originally  occupied  by  the  round  oolitic  grains,  either  empty  or  filled 
with  agate.  The  sides  of  those  which  are  empty  are  covered  over  with  radiate 
crystals  of  agate;  and  the  surrounding  mass  is  transformed  into  a  somewhat 
similar  structure.  The  rudimentary  oolitic  grains  were  on  an  average  about  y^th 
of  an  inch  in  diameter,  and  about  one-half  are  now  empty,  which  gives  the  rock 
so  porous  a  character.  It  also  contains  fragments  of  agatized  shell  with  the 
structure  very  perfectly  preserved. 

Mr.  S.  has  also  examined  two  other  forms  of  concretionary  structure  in  rock- 
fragments  from  bed  No.  5  of  the  Copford  section,  one  of  which  is  silicified,  and, 
in  Mr.  Sorby's  opinion,  a  pseudomorph ;  and  the  other  presents  the  form  of  oolitic 
structure  termed:  by  Mr.  S.  "positive  concretionary."  He  considers  it  probable 
that  both  have  been  originally  formed  from  chalk-debris. 

o2 


192         PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.       [Mar.  10, 


Chert,  in  large  angular  blocks. 

Mountain  Limestone  (one  angular  block  weighing  2  tons). 
Black  Marble,  in  large  boulders. 

Coarse  Sandstone  and  fine-grained  micaceous  Sandstone.  Copford. 
Black  Slate,  in  angular  fragments. 
Quartz-rock  and  grauwacke.  Copford. 
Coarse-grained  Quartz-rock,  with  mica. 
Basalt.  Copford. 

Felspar-porphyry,  laree  angular  masses. 
Syenite,  large  rounded  masses. 

List  of  Fossils  from  the  Till  of  the  Eastern  Counties*. 

Elephas ;  tibia,  right  and  left  ischia,  symphysis  of  lower  jaw,  molar 

teeth  of  lower  jaw  (young  and  adult). 
Equus ;  phalangeal  bone. 
Vertebrae  of  Saurians  (Stour  Valley). 
Ammonites  serratus  (Stan way,  Stour  Valley,  Hartest). 

 rotundatus  (Hartest). 

 biplex  (Suffolk). 

 dentatus  "J 

 Lamberti 


Spatangus;  Chalk  J 

It  is  a  peculiar  feature  of  the  Till  in  this  county,  that  it  contains 
interrupted  beds  and  small  masses  of  grarel,  consisting  of  rounded 
and  angular  flints,  sandstone,  and  other  rock -fragments,  imbedded  in 
greyish  sand  ;  which  colour  is  peculiar  to  this  gravel.  We  find  such 
a  gravel  underlying  the  Till  at  Kelvedon,  Thaxted,  and  Ballingdnn 
(in  the  latter  place  the  beds  are  highly  inclined, — false-bedded),  and 
at  Muswell  Hill  near  London  ;  and,  in  my  opinion,  the  gravelly  aand 
underlying  the  blue  calcareous  clay  of  the  Copford  Brick-field,  above* 
described,  may  be  referable  to  this  grey  gravel.  The  masses  of  this 
gravel  are  so  limited,  that  five  pits  have  been  exhausted  in  the  course 
of  twenty  years,  in  obtaining  materials  for  mending  the  roads,  in  the 


The  red  gravel  in  the  adjoining  parish  of  Stan  way  forms  an  enor- 
mous mass,  several  miles  in  length  towards  the  east,  more  than  a 
mile  in  width,  and  in  some  places  60  feet  in  thickness ;  and  being 
red,  ia  different  in  colour  to  the  gravel  in  the  Till.  Not  knowing 
whether  the  interrupted  beds  of  grey  gravel  in  the  Till  extend  to 

*  See  alto  Woodward's  *  Geology  of  Norfolk,'  pp.  39  #/  $ff^  and  sosnc  of  tto 
figure*  of  fossils  in  R.  C.  Taylor's  4  Geology  of  East  Norfolk.' 


 Leachii? 

 Bakeritt 


 Gowerianus  ?  I 

— —  annularis  J 
Grypheea  incurva ;  Lias 
Pecten ;  Lias 
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other  parts  of  England,  I  have  thought  their  occurrence  in  this 
district  worthy  of  remark,  and  as  being  likely  to  elicit  the  attention 
of  other  observers  of  our  tertiary  beds. 

In  conclusion,  I  have  to  draw  attention  to  the  discovery  of  two 
extinct  molluscs  (Helix  ruderata  and  H.  incamata  ?,  see  fig.  4)  in 
the  Copford  marls, — a  fact  of  considerable  importance  in  estimating 
the  relative  age  of  this  deposit ;  and  I  would  observe,  that  not  the  least 
interesting  phenomenon  of  the  Copford  freshwater  beds  is  the  super- 
position of  an  upper  member  of  the  local  boulder-formation  (bed 
No.  1)  on  the  shell-marl,  which  latter,  with  its  subjacent  clays,  rests 
on  an  earlier  member  of  this  formation, — conditions  clearly  pointing 
out  the  age  of  the  intercalated  deposit.  This  seems  to  accord  also 
with  an  analogous  geological  phenomenon  in  the  cliffs  of  Eastern 
Norfolk  and  in  other  localities,  as  noticed  in  Sir  C.  LyelTs  '  Manual 
of  Elementary  Geology/  p.  127. 


2.  On  a  Reversed  Fault  at  Lb  wish  am. 
By  the  Rev.  H.  M.  Dk  la  Condamine,  A.M.,  F.G.S. 

A  recent  section  on  the  northern  slope  of  Loam-pit  Hill  exhibits 
distinctly  a  small  "  reversed  "  fault  in  the  lower  tertiary  strata ;  and 
the  comparative  rarity  of  this  phenomenon  appears  to  render  it  de- 
sirable that  its  existence  in  this  locality  should  be  noticed*. 

Fig.  1 . — Section  at  Loam  Pit  Hill,  showing  the  Reversed  Fault. 


Scale,  6  feet«  l  inch. 
N.N.W.  s.s.E. 


1.  London  CUy.  2.  Pebble  Bed.  3.  Striped  Sand. 


The  accompanying  section  (fig.  1)  will  show  its  precise  character. 
The  average  angle  of  fracture  is  30° :  the  displacement  6  inches.  Its 

*  See  an  instance  recorded  by  Messrs.  Prestwich  and  Morris,  Quart.  Journ. 
Geo!.  Soc.  vol.  ii.  p.  402. 
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direction,  as  exposed  for  50  or  60  yards,  is  E.N.E.,  being  nearly  par- 
allel to  the  dislocations  at  Deptford  and  Greenwich*.  It  is  attended 
by  a  slight  anticlinal  line  of  flexure,  indicative  of  the  lateral  pressure 
which  was  likely  to  give  rise  to  fractures  of  this  peculiar  character, 
and  the  effects  of  which  are  seen  in  the  contorted  strata  at  New 
Cross  f. 

The  second  line  of  fracture,  which  dies  away  both  upwards  and 
downwards,  would  indicate  that  the  strata  sustained  a  wrench,  to 
which  they  yielded  without  suffering  complete  fracture ;  and  possibly 
the  main  fissure  may  not  be  continued  to  any  great  depth. 

The  subjoined  diagram  (fig.  2)  illustrates  the  action  of  the  force 
which  may  have  produced  this  dislocation. 

Fig.  2. — Diagram  to  illustrate  the  Mode  of  Formation  of  the  Rexened 
Fault  at  Lewisham. 

A 


Supposing  P  to  be  a  centre  of  maximum  vertical  pressure,  pro- 
ducing a  fault  AB,  a  lateral  pressure  Q  would  result,  causing  a  wrench 
or  fracture  along  a  line  BC.  The  same  result  would  follow,  if  the 
pressure  at  P  caused  only  an  anticlinal  elevation  without  fracture 
at  AB. 

This  theoretical  diagram  very  nearly  resembles  the  actual  phaeno- 
mena  of  a  section  taken  at  right  angles  to  the  line  of  dislocation  (see 
section,  fig.  3). 

The  great  obliquity  of  this  fault,  vis.  30°,  has  induced  me  to  in- 
vestigate a  formula  for  the  apparent  deviation  of  a  line  of  fault  (as 
laid  down  on  a  map^  produced  by  the  undulations  of  the  surface. 

If  o,  be  the  inclinations  of  a  fault  and  of  the  surface  respectively, 
and  y  the  angle  between  the  direction  of  the  fault  and  a  horizontal 
line  on  the  surface,  then  the  angle  of  deviation  f  is  given  by  the 
formula 

tan*=  ™y  . 

tan  a  .  cot  /3  —  cos  y 

Hence  also  the  inclination  of  a  fault  may  be  determined  by  observa- 
tion of  the  other  angles. 

This  formula  may  equally  well  be  applied  to  mapping  the  outcrop 
of  strata  whose  dip  is  known. 

Applying  this  to  the  subject  of  this  notice,  the  fall  of  the  ground 

*  Quart.  Jooin.  G«ol.  Soc  toL  ti.  p.  447,  fig.  5. 
f  Loc.  cit.  p.  448,  fig.  6. 
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being  towards  the  E.N.E.  at  an 
angle  of  5°,  we  find  <p  =  9°.  This 
would  bring  the  line  of  fault  through 
the  middle  of  a  tolerably  long  cut- 
ting 150  yards  off.  No  trace  of 
it,  however,  appears  there ;  whence 
it  probably  is  not  of  considerable 
extent  either  horizontally  or  verti- 
cally. 

About  200  yards  from  this  fault, 
and  at  right  angles  to  its  direction, 
a  line  of  disturbance  runs  N.N.W. 
and  S.S.E.  (fig.  3,  A).  It  is  marked 
by  a  sudden  increase  of  dip,  from 
3°  to  11°,  and  by  a  series  of  small 
faults,  greater  in  amount  than  the 
above-mentioned,  but  producing  no 
displacement  exceeding  2  feet.  It 
illustrates,  however,  the  well-known 
law  of  elevation,  and  is  repeated  on 
a  much  larger  scale  at  Hornpark, 
near  Mottingham,  where  the  E.  and 
W.  faults  of  Lee,  Eltham,  and 
Woolwich  are  intersected  by  a  great 
fault  running  N.  and  S. 

P.S.  Another  small  reversed  fault 
has  been  exposed  since  the  above 
paper  was  read.  This  also  runs 
E.N.E.,  with  an  angle  of  fracture  of 
only  20°,  but  having  the  upcast  on 
the  north  side,  instead  of  on  the 
south.  A  line  representing  its  po- 
sition has  been  introduced  into  fig.  3, 
a  little  to  the  north  of  A.  It  sup- 
plies further  evidence  of  the  lateral 
pressure  above  alluded  to.  [April 
16,  1852.] 


3.  Notes  on  St.  Helena.   By  J.  H.  Blofeld,  Esq.,  F.6.S. 
[Abstract.] 

In  this  paper  the  author  briefly  noticed  the  general  external  charac- 
ters of  the  island  and  some  of  its  geognostical  phenomena,  and  more 
especially  described  the  conditions  under  which  the  fossil  shells  of 
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Bulimi,  Succinea,  and  Helices*  are  found  in  the  superficial  sods  of 
the  islandf.  The  Bulimus  auris-rmlpina  is  not  now  found  in  a  tiring 
state.  The  shells  are  met  with  in  various  elevated  parts  of  the  bland. 
The  specimens  accompanying  this  communication  were  found  hy  the 
author  about  half  a  mile  behind  Longwood,  at  an  elevation  of  about 
1700  feet  above  the  level  of  the  sea,  on  a  hill-side  which  if  worn  into 
numerous  clefts  or  ravines  by  the  heavy  rains.  The  surface  of  the 
hill  to  a  depth  of  5  to  6  feet  consists  of  dark  mould,  and  under  this 
is  a  stratum  of  a  greyish-brown  friable  earth  about  3  to  4  feet  thick ; 
in  this  latter  bed  the  shells  occurj.  This  earth  also  contains  bird- 
bones  $i  perfect  and  fragmentary,  in  abundance ;  and  it  was  suggested 
by  the  author,  that  possibly  in  some  cases  the  shells  may  have  been 
brought  to  the  spot  by  birds  that  fed  on  their  living  occupants. 

The  B.  auris-vulpina  is  accompanied  by  B.  subplicata  and  HeHx 
bUamellata.  In  the  "  shell-bed  are  found  numerous  lumps  of  se- 
veral sizes,  composed  of  a  white  powdery  substance,  and  associated 
with  a  harder  yellow  substance  ||.  Some  specimens  of  a  new  specks 
of  Bulimus  (B.  Blofeldi,  E.  Forbes),  collected  by  the  author,  also 
accompanied  this  paper.  These  were  found  (together  with  some 
young  Helix  bilamellata)  in  a  reddish  clay  or  loam  on  the  side  of  a 
hill  overlooking  the  "  Briars"  in  the  cutting  of  the  road  from  James 
Town  to  Longwood,  about  1200  feet  above  the  sea-level,  and  about 
two  miles  in  a  direct  line  from  the  spot  where  the  larger  Bulimu  were 
found. 

*  Detailed  descriptions  and  figures  of  these  shells  are  given  by  Prof.  B.  Forbes 
in  the  next  following  communication. 

t  Por  a  detailed  description  of  the  Geology  of  St.  Helena,  tee  Darwin's  *  Vol* 
canic  Islands,'  pp.  73  et  $eq. 

X  This  deposit  is  composed  chiefly  of  vegetable  matter  and  carbonate  of  lima. 
The  latter  is  present,  both  in  the  form  of  prismatic  crystals  (shell-tissue  ?),  and 
as  the  coating  of  vegetable  fibres.  The  maiority  of  the  specimens  of  B.  tmU+mL 
pma  presented  to  the  Geological  Society's  Museum  by  the  late  Mr.  Scale,  P.G^, 
were  imbedded  in  a  whitish  coherent  sand,  consisting  of  grains  (chiefly  inorganic) 
coated  with  calcareous  matter. 

4  Prof.  Owen,  having  examined  these  bones,  pronounces  them  to  belong  to 
marine  birds.  The  Professor  has  also  examined  some  specimens  of  similar  bones 
from  Turk's  Cap  Bay,  St.  Helena,  presented  to  the  Geological  Society  by  Captain 
Wilkes,  R.N. ;  these  also  are  all  bones  of  marine  birds,  most  of  them  being  of  the 
Petrel  kind ;  some  of  them  belong  to  the  subgenus  Pmfimu.  The  bones  from 
Turk's  Cap  Bay  are  from  a  greyish-brown  earthy  deposit,  containing  much  inor- 
ganic sand*  the  grains  of  which  are  partially  coated  with  calcareous  matter. 

|  This  white  substance  has  been  chemically  examined  by  Dr.  Percy,  f.QS^  who 
observes,  that  it  consists  of  matter  soluble  in  nitric  acid  with  effervescence,  with 
the  exception  of  a  small  quantity  of  insoluble  residue,  probably  siliceous.  The 
soluble  matter  is  carbonate  of  lime,  sulphate  of  lime,  carbonate  of  magnesia,  and 
phosphoric  acid  in  combination  with  sesquioxide  of  iron.  The  harder  yellow  por- 
tion was  found  to  contain  organic  matter,  possibly  the  cause  of  the  yellow  colour, 
and  to  be  similar  in  constitution  with  the  white  powder. 

This  substance  may  possibly  be  the  same  as  that  referred  to  by  Mr.  Darwin  hi 
the  footnote  at  page  87, '  Volcanic  Islands.'  Under  the  microscope  much  prismatic 
matter  is  visible,  which  might  readily  be  taken  for  the  carbonate  of  time  liberated 
from  the  prismatic  cells  of  shell-tissue ;  but,  as  this  withstands  to  some  extent  taw 
action  of  nitric  add,  it  would  appear  to  be  sulphate  of  lime. 
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4.  On  the  Extinct  Land-Shells  of  St.  Helena. 
By  Prof.  Edward  Forbes,  F.R.S.,  G.S. 

[Plate  V.] 

The  presence  in  St.  Helena  of  considerable  numbers  of  a  remarkable 
extinct  univalve  once  supposed  to  be  of  marine  origin,  and  described 
by  mistake  as  from  China,  but  afterwards  proved  to  be  a  land-snail 
of  the  genus  Bulimus,  has  long  been  known.  This  shell,  to  which 
the  name  of  Bulimus  auris-vulpina  (FeYussac)  has  been  given,  is  of 
considerable  dimensions,  and  hence  had  attracted  the  notice  of  col- 
lectors. Their  true  position  was  first  indicated  by  Mr.  Seale,  a  resi- 
dent of  the  island,  who  communicated  other  species  found  with  this 
and  elsewhere  in  the  island  to  Mr.  Darwin.  These  are  described  by 
Mr.  G.  B.  Sowerby  in  the  appendix  to  Mr.  Darwin's  work  upon 
Volcanic  Islands.  There  are  other  forms  of  land-mollusks,  not  now 
known  as  living  species,  associated  with  it. 

The  slight  knowledge  which  we  possess  at  present  respecting  the 
details  of  the  natural  history  of  St.  Helena  prevents  our  asserting  with 
confidence  that  these  forms  are  extinct.  A  small  collection  of  existing 
shells  brought  from  this  locality  by  my  friend  and  pupil  Mr.  Edward 
Alexander  affords  some  additional  means  of  comparison.  The  same 
gentleman  procured  some  subfossil  forms  hitherto  unobserved,  and 
one  or  two  others  have  been  brought  home  by  Mr.  Blofeld. 

I  take  this  opportunity  of  placing  these  on  record,  with  a  remark 
on  the  indications  they  afford  of  the  ancient  geographical  relations  of 
the  island  in  which  they  occur. 

The  so-called  "  subfossil "  St.  Helena  shells  with  which  I  am  ac- 

?uainted  are  five  species  of  Bulimus,  one  of  Achatina,  one  or  two  of 
lelixy  and  one  of  Succinea.  The  existing  indigenous  land-shells  of 
St.  Helena  are  five  species  of  Bulimus,  two  Achatina,  three  Helices, 
and  two  species  of  Succinea. 

Of  the  five  subfossil  Bulimi,  the  affinities  of  two  are  decidedly  and 
remarkably  South  American.  The  Bulimus  auris-vulpina  is  unlike 
any  Old  World  form,  and  its  relations  must  be  sought  for  in  the 
Brazilian  B.  bilabiatus,  and  probably  B.  melanostoma  and  its  allies. 
For  allies  of  the  equally  peculiar  Bulimus  Darvinianus  we  must  also 
go  to  Brazil  and  compare  with  B.  goniostoma  and  similar  types.  Of 
the  other  two,  the  affinities  are  with  species  now  living  in  St.  Helena. 
Bulimus  Sealeianus  is  nearly  allied  to  Bulimus  Helena  of  Reeve  (not 
of  Quoy)  and  the  Achatina  exulata  of  Benson.  Cochligena  fossilis 
of  Sowerby  is  allied  to  this,  but  very  distinct.  Bulimus  Blo/eldi  is 
nearly  allied  to  an  existing  undescribed  species  found  by  Mr.  Alexan- 
der Ceding  on  the  cabbage-trees  only  on  the  highest  points  of  the 
island.  The  affinities  of  the  latter  are  decidedly  West- African ;  those 
of  the  former  point  in  two  directions,  African  and  South  American, 
the  latter  character  possibly  prevailing. 

An  Achatina,  called  Cochlicopa  subplicata  by  Mr.  Sowerby,  is 
chiefly  connected  with  West  Indian  forms,  but  has  also  relations  on 
the  west  coast  of  Africa,  such  as  the  A.  clavata  of  Sierra  Leone. 
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Mr.  Sowerby  described  an  allied  species  under  the  name  of  Cockiicopm 

terebellum. 

The  subfossO  Succinea  is  of  a  very  ordinary  character,  as  is  the 
case  with  the  majority  of  species  of  this  genus  all  the  world  over, 
though,  curiously  enough,  one  of  the  living  St.  Helena  Succinct*  is 
remarkable  for  its  peculiarities. 

One  of  the  Helices  is  most  nearly  related  to  Madeiran  types. 
Mr.  Sowerby  has  described  four  species,  H.  bilamellata,  H.  polyttdem, 
H.  spurca,  and  H.  bipUcata,  in  his  note  on  Mr.  Darwin's  collection. 
I  have  examined  the  first  and  third  of  these. 

I  have  endeavoured  elsewhere*  to  show  that  all  the  information  we 
possess  respecting  the  marine  mollusks  of  the  coasts  of  St.  Helena 
would  lead  us  to  infer  the  very  ancient  isolation  of  that  island,  whilst 
at  the  same  time  a  pre-existing  closer  geographical  relationship  be- 
tween the  African  and  American  continents  than  now  main  tains  is 
dimly  indicated.  The  information  we  have  obtained  respecting  the 
extinct  and  existing  terrestrial  mollusks  of  this  isolated  fragment  of 
land  would  seem  to  point  in  the  same  direction,  and  assuredly  to  in* 
dicate  a  closer  geographical  alliance  between  St.  Helena  and  the  west 
coasts  of  South  America  than  now  holds. 

Description*  of  the  New  Species. 

Bulimus  Darvinianus.   Plate  Y.  fig.  1. 

Testa  crassa,  elongato-oblonga,  fusiformis,  subumbQicata ;  anfractus  5,  coutcilua- 
culi,  ad  sutaram  crispati ;  sutura  impress*;  apertura  obfonga,  bast  csuubeulata 
angulataque ;  columella  contorta;  faux  supra  cohuneUaris  plicata;  prmtoana 
continuum ;  labium  intus  incraasatum.   Long,  4  one,  lat.  0}  unc 

Found  by  Edward  Alexander,  Esq. 

Bulimus  Scale i anus.    Plate  V.  fig.  3. 

Testa  oblongo-pyramidata,  crassa;  anfractus  sex,  conrexiusculi,  oblique  atriati, 
ultimus  maximus ;  apertura  oblongo-lenticularis,  infra  angulata ;  peristoma  con- 
tinuum, incraasatum.   Long.  0^  unc,  lat.  Oyfc  unc. 

Found  by  Edward  Alexander,  Esq. 

Bulimus  Blofeldi.    Plate  V.  fig.  2. 

Testa  tennis,  pyramidalis,  ventricosa,  betis,  umbilicata ;  anfractus  &,  tumidi,  uhi- 
raus  maximus,  oratus ;  apertura  oVata,  infra  angulata ;  labium  cotaneOare  rec- 
tum ;  peristoma  disjunctum ;  margo  tenuis.   Long.  l^V  aac,  las.  Of  unc 

Found  by  J.  H.  Blofeld,  Esq.,  F.G.S. 

Succinxa  Bensoniana.    Plate  Y.  fig.  7. 

Testa  o?ata;  spira  breris ;  anfractus  3},  ultimus  maximus,  Tentricosus ;  aperturm 
OTiio-rotunaata.   Long.  0^  unc,  lat.  OfV  unc 

Found  by  Edward  Alexander,  Esq. 

Helix  Alexandri.    Plate  V.  fig.  9. 
Testa  orbicularis,  depressa,  convexiuacula ;  anfractus  septem,  rotundati,  forte 
•  Rep.  Brit.  Assoc  for  1851. 
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striati ;  aperture  semilunaris,  labio  interno  plicis  tribus  spiralibus,  externo  intas 
octo  instructo ;  umbilicus  maximus.   Long.  0^  uncy  lat.  0^  unc. 

Found  by  Edward  Alexander,  Esq. 

The  following  species  also,  hitherto  unfigured,  are  represented  in 
Plate  V.  :— 

Helix  bilambllata,  Sowerby.  Plate  V.  fig.  8.  From  a  spe- 
cimen found  by  Mr.  Blofeld. 

Helix  spurca,  Sowerby.  Plate  V.  fig.  10.  From  a  specimen 
found  by  Mr.  Alexander. 

Bulimus  fossilis,  Sowerby.  Plate  V.  fig.  4.  From  a  specimen 
in  the  Museum  of  the  Geological  Society. 

Bulimus  terebellum,  Sowerby.  Plate  V.  fig.  5.  From  Mr. 
Darwin's  examples  in  the  cabinet  of  Sir  Charles  Lyell. 

Bulimus  subplicatus,  Sowerby.  Plate  V.  fig.  6.  From  a  spe- 
cimen found  by  Mr.  Blofeld. 


March  24,  1852. 

The  following  communications  were  read : — 

I.  On  the  Foot-prints  occurring  in  the  Potsdam  Sandstone  of 
Canada.    By  W.  E.  Logan,  Esq.  F.G.S. 

[Plates  VI.  to  VIII.] 

Since  the  reading  of  the  paper  communicated  to  the  Society  last 
year  on  the  track  and  footsteps  of  an  animal  in  the  Potsdam  Sand- 
stone of  Lower  (East)  Canada*,  the  lowest  member  of  the  Lower 
Silurian  rocks,  farther  investigation  by  my  assistants  on  the  Provin- 
cial Survey  and  myself  have  brought  to  light  a  considerable  number 
of  similar  tracks  in  the  same  rock ;  and,  although  quite  convinced  in 
my  own  mind  of  the  age  of  the  rock,  the  importance  attached  to 
these  impressions  has  induced  me  to  search  for  additional  evidence 
on  the  point,  in  order  that  others  as  well  as  myself  might  be  satisfied 
that  no  mistake  had  been  made  in  regard  to  it. 

In  my  previous  paper  it  was  stated  that  a  sandsfcme  formation, 
resting  unconformably  on  a  metamorphic  series  of  gneiss  and  inter- 
stratified  limestone,  and  occupying  a  narrow  strip  at  a  variable 
distance  on  the  north  side  of  the  St.  Lawrence,  swept  round  from 
the  valley  of  this  river  to  that  of  the  Ottawa,  the  turn  forming  an 
obtuse  angle  and  occurring  on  the  Riviere  du  Nord :  that  a  similar 
rock,  proceeding  from  Keesville  in  New  York,  turns  from  the  Valley 
of  Lake  Champlain  to  that  of  the  River  St.  Lawrence,  and,  forming 
at  the  bend  a  sharper  angle,  is  projected  out  across  Beauharnois 
towards  the  previously  mentioned  bend  in  a  long  tongue  of  sandstone, 
pierced  near  the  extremity  by  Mont  Calvaire,  a  protruding  mass  of 
*  Quart.  Journ.  GeoL  Soc  vol.  vii.  p.  247  etttq. 
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the  subjacent  gneiss.  From  Beanharnois  the  rock  has  been  traced  m 
New  York  in  a  nearly  straight  south-west  line,  and  at  a  distance  of  fire 
to  thirty  miles  from  the  south-east  bank  of  the  St.  Lawrence,  to  Ham- 
mond and  Alexandria  on  that  river.  Crossing  the  river  then  to  Brock- 
ville,  it  was  last  summer  followed  in  Canada  through  the  Johnstowm 
and  Bathurst  Districts  in  a  tortuous  course  to  the  townships  of  M'Nab 
and  Nepean  on  the  Ottawa ;  and  on  this  river  it  has  been  seen  again 
once,  below  Bytown,  trending  to  a  junction  with  the  exposure  on  the 
Riviere  du  Nord.  Between  Mont  Calvaire  and  the  Batnurst  District 
it  may  thus  be  considered  to  form  the  perimeter  of  a  pemnsuk- 
shaped  area,  the  isthmus  to  which,  between  the  exposures  at  Moot 
Calvaire  and  Riviere  du  Nord,  is  about  ten  miles  wide.  Around  the 
whole  of  this  peninsular  space  the  sandstone  rests  upon  the  gnet— osd 
metamorphic  rocks,  and  it  is  succeeded  by  an  interior  tone  of  caU 
careo-arenaceous  beds,  bearing  the  fossils  which  characterise  the  Csl- 
ciferous  Sand-rock  series  of  New  York.  Within  this  is  another  sone 
consisting  of  limestone  corresponding  in  a  considerable  degree  in  its 
fossil  contents  with  the  Chazy  Limestone ;  the  organic  remains  of  a 
large  area  in  the  centre  can  be  identified  with  those  of  the  Bird's-eye, 
Black  Raver,  and  Trenton  limestones,  and  resting  on  the  latter  a 
trough  of  the  Utica  Slate  with  its  characteristic  Trilobite*  and  Grws*- 
tolites  extends  from  Bytown  some  distance  eastward.  This  concentric 
geographical  arrangement  of  the  rocks,  even  without  the  evidence  of 
the  dips,  leaves  little  doubt  that  the  more  organic  formations  rest 
on  the  sandstone.  Where  the  dips  are  appreciable,  they  give  a 
general  confirmation  of  this ;  but  tney  are  for  the  most  part  small, 
and  strata  over  large  areas  have  often  to  the  eye  the  appearance  of 
being  quite  flat.  The  east  side  of  the  Beauharnois  tongue  of  sand- 
stone is  bounded  by  the  same  succession  of  formations. 

The  sandstone  in  Beauharnois  County  and  the  neighbouring  part 
of  the  State  of  New  York  is  from  300  to  700  feet  thick.  In  the 
lower  part  it  contains  many  beds  of  conglomerate  with  quarts-pebbles, 
and  it  has  some  red  layers ;  but  towards  the  top  it  becomes  a  lime- 
grained,  hard,  white  sandstone,  and  at  the  summit  it  is  interstratified 
with  calcareous  layers  forming  a  passage  to  the  rock  which  overlies 
it.  In  this  part  it  is  abundantly  marked  over  considerable  surfaces 
by  what  the  geologists  of  New  York  have  called  Scoiiikui  linecri*, 
which  consists,  where  the  rock  is  weathered,  of  straight,  vertical, 
cylindrical  botes,  of  about  an  eighth  of  an  inch  in  diameter,  descending 
several  inches,  and,  where  the  rock  is  unweathered,  of  corresponding 
solid  cylinders,  composed  apparently  of  grains  of  sand,  cemented  by 
a  slightly  calcareous  matrix,  more  or  less  tinged  with  peroxide  of  iron. 
Mr.  Hall  and  other  American  geologists  include  tnem  among  the 
Fucoids  of  the  rock,  but  they  appear  to  me  more  like  Worm-holes. 
In  one  or  two  instances  I  have  perceived  that  the  tubes  are  inter- 
rupted in  their  upward  course  by  a  thin  layer  of  sand,  of  a  portion 
which  descends  into  them  and  stops  them  up;  and  from  this  it 
would  appear  that  the  cylinders  were  hollow  when  the  super- 
incumbent sand  was  spread  over  them.  Whatever  may  be  the  origin 
of  the  tubes,  they  strongly  mark  many  beds  in  the  upper  part  of  Uw 
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sandstone  throughout  the  Canadian  portions  of  its  distribution  already 
mentioned ;  and  it  is  stated  by  Mr.  Hall  that  the  same  characteristic 
accompanies  the  Potsdam  sandstone  in  New  York  and  Pennsylvania, 
and  as  far  as  Tennessee. 

With  this  part  of  the  formation  also  are  associated  many  indications 
of  what  have  been  considered  as  Fucoids.  One  form  among  others 
presents  a  reticulated  arrangement  of  stem-like  bodies  spreading 
over  some  of  the  surfaces,  the  interspaces  of  the  network  being  four-, 
five-,  and  six-sided,  and  sometimes,  when  largest,  measuring  1 4  inches 
in  diameter ;  while  the  ridges  which  divide  them  are  an  inch  and  a 
half  wide,  and  stand  out  half  an  inch  in  relief  on  the  sandstone. 
The  compartments  are  sometimes  filled  with  shale,  and  the  low 
ridges,  a  good  deal  resembling  crack-casts,  might  be  taken  for  such, 
were  not  similar  forms  occasionally  traceable  on  splitting  open 
closely  joined  surfaces  of  sandstone  where  no  shale  intervenes,  and 
were  not  smooth  surfaces  of  arenaceo-bituminous  limestone  in  the 
succeeding  formation  met  with  presenting  black  bituminous  pellicles 
arranged  in  similar  reticulated  figures — both  large  and  small. 

At  Beauharnois,  in  the  locality  in  which  the  first  Track  was  dis- 
covered, and  on  a  bed  in  the  same  quarry,  the  trail  of  a  Worm  or  of  a 
Mollusk  was  very  beautifully  displayed ;  and  in  the  Johnstown  District 
not  only  do  Scolithus  and  Fucoids  exist  in  abundance,  but  my  asso- 
ciate, Mr.  Murray,  has  there  met  with  Lingula  antiqua,  characterizing 
this  part  of  the  formation,  as  it  does  also  at  Hammond  on  the  south 
side  of  the  river. 

The  new  localities  in  which  foot-prints  have  been  met  with  are  five 
in  number.  In  none  of  them  is  Lingula  found  immediately  near,  but 
Scolithus  abounds  in  them  all,  as  well  as  the  Fucoids.  Two  of  the 
new  localities  are  in  the  vicinity  of  Beauharnois  (see  Map,  PI.  VI.)  ; 
one  of  these,  in  the  field  of  Mr.  Henault,  is  about  half-a-mile  west- 
ward of  that  in  which  the  first  impressions  were  discovered ;  the 
other  about  two-and-a-half  miles  still  further  westward,  and  about 
500  yards  from  the  mouth  of  the  Beauharnois  Canal.  Scolithus  and 
Fucoids  are  seen  in  beds  a  few  feet  above  and  a  few  feet  below  those 
having  the  foot-prints,  and  7  feet  below  one  of  them  the  Worm-holes 
are  accompanied  by  a  thin  band  of  interstratified  limestone.  Along 
the  shore  of  Lake  St.  Louis,  between  the  two  localities,  the  sandstone, 
with  the  occasional  appearance  of  a  calcareous  layer,  can  be  seen 
nearly  the  whole  distance,  and  a  careful  admeasurement  of  the  distance 
and  of  the  minute  changes  that  occur  in  the  very  moderate  dips 
prevailing  enables  me  to  bring  the  track-bearing  beds  to  within  3  feet 
of  one  another  in  stratigraphies!  place,  while  geographically  their 
positions  are  equivalent  in  relation  to  the  Calciferous  Sand-rock  which 
on  each  side  bounds  the  more  siliceous  formation. 

Proceeding  eastward  from  the  exposures  in  Henault' s  field  and  the 
tracks  on  the  St.  Louis  River  (those  first  discovered),  the  sandstone, 
marked  by  Scolithus,  can  be  followed  along-shore  for  about  a  mile, 
and  is  very  nearly  flat.  Then  there  is  an  interval  of  about  a  mile 
without  any  exposure,  beyond  which  the  Calciferous  Sand-rock  first 
makes  its  appearance.    Thin  interstratified  bands,  more  arenaceous 
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than  others,  are  still  characterized  by  Scolitkus,  and  the  more  inassrre 
beds  hold  abundance  of  two  species  of  Maclurea, — M.  matutina  of 
Hall,  and  a  new  species.  The  strata  are  nearly  flat ;  and,  seen  at 
intervals,  they  continue  so  for  about  six  miles  to  the  bridge  on  the 
Chateauguay  River,  in  the  first  two  miles  of  which  the  same  two  spe- 
cies of  Maclurea  are  met  with  in  several  exposures,  while  the  litho- 
logical  character  of  the  rock  varies  little  the  wnole  way.  An  exposure 
near  the  bridge  displays  Pleurotomaria  rotuloides  of  Hall  (a  Trenton 
species).  In  beds  of  good  limestone *,  three  miles  farther  east,  and  in 
toe  Caughnawaga  quarry  two  miles  beyond  these,  occur  Jtrypm 
plena  and  Orthis  pectinella.  Four  miles  farther  on,  at  St.  Louis 
Kapids,  the  rock  contains  nine  species  belonging  to  the  Trenton  for- 
mation. They  are  Leptana  sericea,  L.  deltoidca,  Orthis  strimtmloj 
Lingula  quadrata,  Murckisonia  bicincta,  Glyptocrinus  decadactylms, 
Echino-cncrinites  anatiforrnis,  Calymene  senaria,  Isotelus  gigast  be- 
sides the  genera  Stromatapora,  Orthoceras,  and  an  unfigured  species 
of  Encrinurus.  Beyond  this  the  Utica  slate  appears  below  the  St. 
Louis  Rapids,  and,  crossing  the  St.  Lawrence,  can  be  traced  along 
the  shore  of  the  Island  of  Montreal  to  the  city,  displaying  Triariknu 
Beckii  and  Graptolitkus  bicornU  in  many  places. 

Passing  westward  from  the  track-bed  near  the  mouth  of  the  Bean- 
harnois  Canal,  the  sandstone  can  be  followed  with  little  mtennission 
for  a  distance  of  three  miles  up  the  St.  Lawrence,  where  it  becomes 
interstratified  with  calcareo-arenaceous  layers ;  but  at  St.  Timothy, 
three  miles  farther,  sandstone  beds,  holding  Scolitkus,  are  still  met 
with,  and  Raphistoma  occurs  in  Calciferous  Sandrock.  For  between 
four  and  five  miles  farther  up  the  river  the  strata  are  concealed  by 
drift,  until  reaching  Grande  Isle,  where  quarries  expose  good  limestone 
beds,  resting  horizontally  on  others  of  an  arenaceous  character,  and 
containing  Raphistoma  (two  species),  Murckisonia^  Euompkalus,  and 
Leperditia  canadensis^  (Jones,  MS.),  all  unfigured ;  and  at  the 
head  (western  end)  of  the  Beauharnois  Canal,  three  miles  farther  up, 
besides  Raphistoma  there  is  a  Phacops,  allied  to  P.  Dovmingut,  and 
Isotelus  gigas  (the  latter  belonging  to  the  Chary  limestone).  All 

*  In  a  communication  from  Mr.  Login*  dated  at  Montreal,  July  6, 1852,  it  it 
directed  that  the  boundary-line  of  the  Chaxy  and  Trenton  Ihnettonea  between  the 
bridge  on  the  Chateauguay  River  and  the  St.  Louis  Rapids  should  be  removed  to 
about  a  mile  east  of  the  position  of  Caughnawaga.  It  being  too  late,  however,  to 
correct  the  map,  this  emendation  is  here  referred  to.  Mr.  Logan  also  obterrea, 
with  regard  to  the  Island  of  Montreal  and  the  district  eastward  of  the  Riviere  do 
Nord,  where  the  colour  is  made  to  die  out,  that  he  is  now  examining  the  unrepre- 
sented part  of  the  country  which  is  in  the  vicinity  of  this  shading  off,  and  he  mads 
that  the  Chazy  limestone  comes  nearly  up  to  the  Montreal  Mountain  (green  oa 
the  Map),  thus  displaying  very  distinctly  the  trough  of  which  the  deepest  part  in 
under  the  Utica  Slates  of  the  White  Horse  Rapids. 

By  too  much  colour  on  the  Map,  the  Trenton  limestone  of  the  Whhe  Hone 
Rapids  is  shaded  off  into  the  Chazy  limestone  of  Montreal. 

We  hare  also  to  remark  that  the  district  coloured  yellow  should  be  ikisgaastsl 
as  "  Hudson  River  Group,  covered  with  Tertiaries  and  Drift." 

t  Occurring  also  at  Hawkesbury,  Grenville,  and  Loucks  MQls  (wrongly  spelt  oa 
the  Map),  on  the  Castor  River. 
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these  localities,  both  to  the  east  and  west  of  the  foot-prints,  are  in- 
cluded in  the  line  of  section  given  with  last  gear's  communication  *. 

Another  of  the  track-bed  localities  is  in  the  vicinity  of  Point 
Cavagnol,  on  the  south  side  of  the  Lake  of  the  Two  Mountains,  about 
fifteen  miles  from  the  locality  near  the  mouth  of  the  Beauharnoia 
Canal.  Both  of  these  localities  are  on  the  western  aide  of  the  axis 
of  the  flat  anticlinal  arch,  formed  by  the  projecting  tongue  of  sand- 
stone between  Beauharnois  and  Mont  Calvaire,  as  described  in  my 
former  paper.  To  the  westward  of  the  tracks  of  Point  Cavagnol  the 
country  is  so  covered  with  drift  and  forest,  that  no  traverse,  starting 
immediately  from  the  bed,  has  been  attempted  in  that  direction 
beyond  a  few  miles,  in  which  no  exposure  was  met  with  ;  but  on  the 
lake  side  of  the  tracks,  and  a  short  distance  beneath  them,  a  bed  of 
red  sandstone  occurs. 

The  fourth  new  locality  is  on  one  of  the  islands  of  St.  Genevieve, 
between  two  and  three  miles  east  of  St.  Ann,  at  the  upper  end  of  the 
Island  of  Montreal.  This  spot  is  about  seven  miles  from  the  Beau- 
harnois village  exposures,  and,  with  them,  is  on  the  east  side  of  the 
anticlinal  axis.  If  a  line  be  followed  obliquely  across  the  anticlinal 
from  the  Canal  track-bed  to  that  of  St.  Genevieve  Island,  and  pursued 
to  the  White  Horse  Rapids  between  the  Islands  of  Montreal  and 
Jesus,  a  little  below  Isle  Bizard,  coarser  sandstones  would  come  from 
beneath  the  Canal  track-bed  about  a  mile  out  in  Lake  St.  ham 
(see  fig.  2,  &  Section  2  of  the  Map).  They  are  represented  by  the 
sandstones  and  conglomerates  of  Cascade  Point  and  Cascade  Island 
close  by,  of  which  they  would  be  in  the  strike.  A  thickness  of  65  feet 
of  these  coarser  strata  can  be  made  out  at  the  Point,  and  they  are 
probably  as  much  below  the  track-bed.  The  traverse-line  would  cross 
Isle  Perrot,  which  is  all  underlaid  by  the  sandstone,  and  on  teaching 
the  track-bed  of  St.  Genevieve  Island,  not  a  mile  on  the  north  aide 
of  Perrot,  we  again  find  the  rock  marked  by  Scolithu*,  with  which 
it  is  in  some  spots  completely  honeycombed  to  the  depth  of  3  feet, 
while  it  is  also  mterstratifiea  with  thin  irregular  calciferous  bands. 
St.  Ann's  Point  may  be  considered  in  the  strike  of  the  St.  Genevieve 
Island,  and  here  we  still  find  the  sandstone  marked  by  ScolitAu* ; 
while  on  Isle  Perrot,  opposite,  there  occurs  a  bed  of  red  sandstone 
identical  in  character  with  that  of  Point  Cavagnol,  and  angular  frag- 
ments of  the  same  strew  the  shore  above  St.  Ann.  Proceeding 
northwards,  we  find  immediately  behind  the  village  of  St.  Ann's 
the  outcrop  of  the  Calciferous  Sand-rock  holding  geodes  of  cale-spar ; 
and  in  a  quarry  to  which  resort  has  been  had  for  building-stone  we 
meet  with  a  MurcAuonia,  like  M.  gracilis,  but  flat  in  the  whorls,  a 
Pleurotomaria,  like  P.  subconica,  but  more  depressed,  Levcrttitim 
Anna  (Jones,  MS.),  and  Ortkocera*.  Further  on  the  road,  about 
half  a  mile,  a  Rapkistoma  occurs  in  calcareo-arenaceous  beds,  which 
with  thin  geodes  of  calc-spar  are  met  with  in  several  places  farther 
on.  We  then,  in  a  low  escarpment,  come  upon  a  rock  composed 
almost  entirely  of  Jtrypa  plena,  a  species  characteristic  of  the  Chaay 
Limestone.  The  rock  usually  affords  good  building-stone  as  well  as 
•  Uc.  cii.  p.  249,  and  repeated  here  (fig.  1  &  Section  1.  of  the  Map). 
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stone  for  lime-burning,  and  it  has  been  much  quarried  at  the  village 
of  St.  G&eVieve,  just  opposite  the  mid-length  of  Isle  Bizard.  The 
White  Horse  Rapids  are  situated  about  three  miles  to  the  east,  and 
here,  on  both  sides  of  the  Riviere  des  Prairies  (a  branch  of  the 
Ottawa),  black  limestone-beds,  lying  hi  the  form  of  a  shallow  trough, 
and  displaying  fifteen  species  of  Trenton  and  one  of  Chazy  fossils,  are 
surmounted  by  black  bituminous  shales  holding  Triarthrus  Beckii 
and  Graptolithus  bicornis  of  the  Utica  Slate,  while  loose  fragments 
of  black  limestone  (possibly  Trenton  limestone)  at  no  great  distance 
are  characterized  by  Leperditia  gracilis  (Jones,  MS.)  and  Serpulites. 
The  Trenton  Limestone  of  this  part  is  probably  continuous  with  that 
of  the  south  side  of  Montreal  Island,  where,  about  three  miles  W.  of 
Lachine,  on  the  road  to  St.  Ann,  fifteen  Trenton  species  have  been  met 
with ;  and  in  the  quarries  of  Point  St.  Claire,  six  miles  nearer  St. 
Ann,  we  set  five  species  characterizing  the  Bird's-eye  Limestone,  with 
one  usually  found  m  the  Chazy,  and  four  given  by  Hall  to  the  Trenton. 

Point  St.  Claire*. 

Favistella  (Columnaria)  alveolata  

Stictopora  acuta  

Leptaena  sericea  

 alternate   

Pleurotomaria  umbilicata   

Murchisonia  perangulate   

Modiolopsis  obtusa   

Favosites  alveolaris  ?  

Phytopsis  cellulosa  .'.  

Atrypa  plena?  

Three  Miles  above  Lachine. 

Favosites  (Chaetetes)  lycoperdon  

Orbicula  lamellosa  

— —  terminalis  ?   

Leptaena  sericea  

 deltoidea;  plentiful  

Orthis  (testudinaria)  striatula  (Emmons)   

 pectinella   

Modiola  (Tellinomya)  anatiformis  ?  

Bellerophon  bilobatus  

Oncoceras  constrictum  

Cyrtolites  trentonensis  ,  

  ornatus   

Calymene  senaria;  plentiful  

Isotelus  gigas  

Leperditia  (L.  Canadensis  ?),  a  species  \  inch  long. 
Orthoceras. 

Serpulites,  allied  to  S.  dispar  (Salter). 
Conularia. 

Encrinurus,  the  same  as  at  White  Horse  Rapids. 

White  Horse  Rapids. 

Favosites  (Chaetetes)  lycoperdon   Trenton. 

Stictopora  acute   „ 

*  These  lists,  and  the  names  of  the  other  fossils  mentioned  in  the  paper,  are 
furnished  by  my  friend  Mr.  Salter,  of  the  Geological  Survey  of  Great  Britain. 
VOL.  VIII. — PART  I.  P 
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Leptasaaserieea;  plentiful   —   Trenton. 

— -  deltoidea  $  very  abundant    „ 

—  alternate   „ 

Orthis  (testudinaria)  atriatola   „ 

—  lynx 


i?.. 

.  ditparihs 

Echino-enariuites  anatiformis ;  plentiful   „ 

Glvptocrinus  decadactylna   „ 

Calvmene  aenaria   * 

Iaotelns  gigaa   M 

Atryna  plena    Chair. 

Encnnurus,  with  punctured  cheeks. 

Raphistoma,  two  nndeacribed  spectea,  found  also  at  Poqnettea 

Rapid,  AUumettea  Island. 
Atrypa,  allied  to  A.  extans. 

 or  Rhynconella,  allied  to  A.  naricula,  but  with  a  sinus  in 

the  front  of  the  larger  valve. 
Peneatella,  Lingula,  Belleropbon,  Orthoceraa. 

The  fifth  new  locality  in  which  the  footprints  occur  is  on  the 
Riviere  da  Nord,  in  the  Seignory  of  Argentenil,  along  which  river  the 
sandstone  again  crops  oat,  and  runs  in  a  W.S.W.  direction  almost  m 
alinewiththeValleyof  the  Ottawa  (see  Map,  Sect  3  i  and  fig.  3).  The 

Fig.  3. — Section  across  the  Bivihre  du  Nord  in  the  Seignory  of  ArgentemL 
Section  No.  3  on  the  Map. 

Distance  about  5  miles. 


«•  O— to,  toftrtratiflgd  with  Hwwtoni  and  tram—d  by  dykw  of  trap  — d  m 
A.  Potaiam  Sanrtatant  with  tha  Ttadubad.         c.  Caldftfeot  Baad-nx*. 

dip  of  the  strata  is  here  a  little  more  decided  than  we  hare  yet  had  it, 
the  inclination  heing  south  at  an  angrje  of  about  4° ;  and  in  the  space 
of  a  mile  and  a  quarter  the  stratigraphical  relations  of  the  rocks 
can  be  well  made  out.  We  have  first  the  gneiss  and  its  mterstrati- 
fied  limestone ;  then  the  sandstone,  not  seen  in  actual  contact  with 
it,  but  forming  an  escarpment  of  between  30  and  40  feet  in  height* 
between  which  and  the  gneiss  there  is  a  flat  sandy  valley,  varyins;  ia 
breadth  from  one  quarter  to  half  a  mile,  in  which  the  stream  winds 
its  course.  The  sandstone  has  been  traced  thirteen  miles  consecu- 
tively to  the  eastward,  and  is  known  far  beyond ;  and  where  a  trans- 
verse section  was  measured  the  track-bed  occurs  at  the  top  of  the 
escarpment  at  a  height  of  probably  100  or  200  feet  over  the  gneiss. 
South  of  the  outcrop  of  the  track-bed,  about  330  yards  over  a  Hal 
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surface,  another  escarpment  rises  to  the  height  of  70  feet.  The  white 
sandstone,  perforated  with  Scolithus,  is  seen  at  the  base,  interstratified 
with  calcareo-arenaceous  beds  for  about  25  feet  up,  and  these  calcareo* 
arenaceous  beds,  holding  geodes  of  calc-spar,  compose  the  remainder 
of  the  rise.  About. 300  yards  further,  after  a  very  gentle  slope, 
there  is  a  smaller  step,  composed  of  the  same  description  of  calca- 
reous sandstones,  and  from  this  a  level  surface,  of  about  a  quarter 
of  a  mile  broad,  in  which  similar  strata  are  seen  once,  reaches  a  small 
rise  of  5  feet,  composed  of  an  arenaceous  limestone,  which  is  quarried 
for  burning.  In  the  quarry  occurs  Ophileta  levata  of  Vanuxem  (a 
Calciferous  Sand-rock  species)  and  Raphistoma  (the  same  as  that  of 
St.  Ann's  section)  ;  and  the  general  dip  in  the  section  is  such  as  to 
leave  no  room  to  doubt  the  place  of  the  track-bed,  which  would  be 
about  1 60  feet  beneath  the  limestone. 

Farther  south  this  line  is  covered  up  by  sandy  drift  for  several 
miles,  but,  if  we  go  about  five  or  six  miles  to  the  westward,  and  again 
starting  from  the  gneiss,  take  a  course  at  right  angles  to  the  strike 
(Section  4  of  the  Map),  three  and  a  half  miles  will  bring  us  to  a  two- 
feet  bed  of  good  limestone.  This  rock,  from  its  having  been  quarried 
for  hmevburning  in  several  places,  has  been  followed  from  Carrillon 
to  Grenville  (thirteen  miles).  The  dip  of  the  limestone  from  its  out- 
crop to  the  river  (two  miles)  is  about  75  feet  in  a  mile.  That  it 
overlies  the  beds  of  the  previous  section  is  not  considered  uncertain  ; 
from  the  paucity  of  exposures,  however,  between  it  and  the  gneiss, 
and  the  increased  dip  near  the  gneiss,  it  is  not  easy  to  determine  its 
relative  position.  It  may  be  at  least  150  feet  higher ;  for  there  are 
seen  in  some  of  the  naturally  exposed  sections  of  the  Ottawa  very 
nearly  100  feet  of  underlying  calcareous  claystone,  weathering  more 
or  less  yellow  or  brown,  and  in  some  parts  bituminous  and  in  others 
arenaceous,  and  often  presenting  in  the  latter  case  geodes  of  calc-spar 
and  heavy-spar ;  and  none  of  these  beds  appear  in  the  Riviere  du 
Nord  section.  Immediately  beneath  the  2-feet  limestone  there  is  a 
singular  and  extensively  Spread  concretionary  layer,  in  some  large 
exposures  of  which,  surfaces  of  half  an  acre  show  these  concretions, 
consisting  of  concentric  layers,  cut  in  half  and  closely  packed  to- 
gether, some  of  them  being  2  to  3  feet  in  diameter.  The  limestone 
bed  is  fossiliferous,  and  displays  Maclurea  sordida  (a  Calciferous 
Sand-rock  species),  Pleurotomaria  nodulosa  1  (a  Bird's-eye  species), 
Murchisonia  bicincta,  and  another  species,  an  Atrypa  allied  to  A.  ex~ 
tans,  Raphistoma,  Turbo,  Modiola,  Ortkoceras,  Leperditia  Cana- 
densis (Jones,  MS.),  and  Beyrichia  Logani*  (Jones,  MS.),  in  abun- 
dance, and  a  new  species  of  Paradoxidesf;  and  at  a  short  distance 
above  the  bed  there  are  about  50  feet  of  sandstone,  with  bands  of 
green  shale,  holding  a  vast  collection  of  Fucoids,  of  which  a  bilo- 
bated  species  is  most  conspicuous.    Some  of  the  sandstone  beds  are 

*  Occurring  also  at  Hawkeabury. 

t  The  head  is  not  perfect,  but,  from  the  general  character  of  the  glabella  and 
eyes,  Mr.  Salter  has  little  doubt  that  it  belongs  to  Paradoxide*.  That  genus, 
however,  has  not  yet  been  noticed  in  America. 

P2 
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porous  and  moderately  fine-grained  and  yield  good  fire-stones,  wbOe 
others  are  coarse,  and,  in  addition  to  quarts-pebbles,  hold  a  multi- 
tude of  phosphatic  nodules,  mingled  with  small  fragments  of  what 
appear  to  be  IAnguUc.  At  Grenville,  where  these  beds  hare  been 
most  exposed  by  the  cutting  of  the  canal,  they  are  found  to  cms 
the  Ottawa  to  Hamiltonville  in  Hawkesbury,  and  to  extend  half  a 
mile  back  from  the  river ;  and  half  a  mile  beyond  them  a  low  escarp* 
ment  presents  the  base  of  the  Chazy  Limestone,  composed,  as  in  the 
St.  Ann's  section,  almost  entirely  of  Atrypa  plena.  In  this  rock 
also  small  phosphatic  nodules  exist  in  some  abundance,  a  few  of 
which  hold  small  fragments  of  shells. 

Phosphatic  nodules  have  also  been  met  with  higher  up  on  the 
Ottawa,  at  the  Allumettes  Rapids,  in  a  conglomerate  bed  occupying 
the  same  stratigraphical  position  as  the  Grenville  beds,  but  there  rest- 
ing on  the  gneiss.  Great  numbers  of  one  large  species  of  Ltngmlm, 
very  like  L.  parallela  of  Phillips,  and  a  few  of  Pleurotommrim  or 
Holopea,  occur  with  the  nodules.  Every  one  of  the  IAnguUt  is  im- 
bedded in  a  coating  of  the  phosphate,  and  in  one  instance  a  fragment 
of  a  Lingula  was  found  lying  across  the  length  of  the  nodule.  The 
specimen  of  Pleurotomaria  is  a  phosphatic  cast  of  the  interior  of  the 
shell. 

I  may  here  mention  also,  that  much  higher  in  the  Lower  8Qurian 
series  of  strata,  in  fact,  just  above  the  Hudson  River  Group,  but  con- 
siderably removed  from  this  locality,  phosphatic  nodules  occur  in 
great  abundance,  and  one  of  them,  obtained  at  Riviere  Ouelle,  on  the 
south  side  of  the  St.  Lawrence,  seventy-five  miles  below  Quebec, 
whence  the  limestones  and  sandstones  in  which  they  occur  are  trace- 
able to  Point  Levi,  opposite  the  Capital,  so  much  resembles  a  frag- 
ment of  a  cylindrical  bone,  and  is  so  like  bone  in  chemical  compo- 
sition, that  I  have  had  it  sliced,  fully  expecting  it  would  show  bony 
structure.  This,  however,  is  wanting ;  but  the  specimen  suggests  the 
inquiry,  whether,  confined  in  its  stony  mould,  any  chemical  action 
may  have  been  exerted  to  obliterate  its  original  structure  without  de- 
stroying its  form. 

I  append  to  this  paper  the  analyses, with  which  my  friend  Mr.  Hunt* 
the  chemist  attached  to  the  Canadian  Survey,  has  furnished  me,  at 
four  phosphatic  specimens,  two  of  them  from  the  Riviere  Ouelle,  one 
of  these  being  the  bone-like  fragment ;  the  third  is  from  the  Chasy 
beds  of  Hawkesbury,  and  the  fourth,  from  the  Allumettes  Rapids. 
By  these  analyses  it  will  be  perceived  that  the  specimens  yield  from 
36  to  67  per  cent,  of  phosphate  of  lime,  and  that  they  all,  on  being 
heated,  give  out  ammonia  and  an  animal  odour  like  that  of  burnt 
horn.  One  of  the  Grenville  nodules  was  tested  for  phosphate  of 
Hme,  and  found  to  contain  it  largely,  and  it  also  gave  out  the  animal 
odour,  but  it  was  not  quantitatively  analysed. 
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Examinations  ofPhosphatic  matters,  supposed  Bones,  and  Coprolites, 
occurring  in  the  Lower  Silurian  Rocks  of  Canada.  By  T.  8.  Hunt, 
Chemist  to  the  Canadian  Geological  Survey. 

Supposed  coprolite  from  Lac  des  Allumettes,  in  sandstone,  with 
Linguhe. — Porous,  having  a  specific  gravity  of  2*875.  By  ignition 
gave  out  water  and  an  animal  odour  like  burnt  horn,  and  the  vapours 
temporarily  browned  turmeric  paper.  It  dissolved  in  acids  with 
slight  effervescence,  leaving  a  residue  of  pure  granular  silica,  which 
was  in  grains  distinctly  visible  on  fracturing  the  mass.  100  parts 
give  on  analysis — 

Phosphate  of  lime  (P05,  3CaO)  ..  36*38 
Carbonate  of  lime   5*00 

JiTT  •  Hyloss   7  02 

Oxide  of  iron/  J 

Insoluble  siliceous  grains   49*90 

Volatile   1*70 


10000 

Another  fragment  gave  42*54  of  siliceous  matter.  The  brown  matter 
replacing  or  filling  the  IAnguUe  in  the  bed  was  found  to  be  phosphate, 
with  a  little  carbonate  of  lime  and  animal  matter,  with  siliceous  par- 
ticles. 

No.  2.  Coprolite  from  Chazy  limestone,  Hawkesbury. — Yellowish 
within,  but  penetrated  for  a  little  depth  by  a  blackish  matter  (pro- 
bably infiltrated  oxide  of  iron).  The  powder  when  heated  in  a  tube 
gives  off  so  much  ammonia  as  to  produce  white  fumes  with  acetic 
acid.    100  parts  gave — 

Phosphate  of  lime   44*70 

Carbonate  of  lime   6*60 

Carbonate  of  magnesia    4*76 

Oxide  of  iron   8*60 

Insoluble  siliceous  matter  ....  27*90 

Volatile  matter  (water  in  part)  5*00 

97-66 

No.  3.  Fragment  of  supposed  cylindrical  bone  from  Riviere  Ouelle. 
—It  was  blackish  brown  and  compact.  Within  it  was  filled  with 
earthy  matter  (the  imbedding  sandstone),  which  was  not  entirely 
detached  before  the  analysis.  Its  analysis  gave,  for  100  parts,  as 
follows : — 

Phosphate  of  lime   67*53 

Magnesia  }  68  carDOnate8  ant^  Auo™k  {  j  .55 

Oxide  of  iron   2*95 

Insoluble  (in  part,  the  adherent  matrix)  21*10 
Volatile   2*15 

97*82 
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The  loss  arises  from  the  carbonic  acid  which  is  not  here  represented 
as  combined  with  the  excess  of  lime  and  magnesia. 

The  compact  ivory-like  fragment  from  Riviere  Ouelle  had  a  sp. 
gr.  of  3*035  to  3*150.  It  gave  out  ammonia  and  water  with  an  ani- 
mal odour  when  heated,  and  with  sulphuric  acid  the  vapours  corroded 
glass,  indicating  a  fluorid.  It  contained  a  larger  proportion  of  car- 
bonate of  lime  and  magnesia,  and  more  oxide  of  iron,  than  the  hollow 
bone  from  the  same  locality.    100  parts  of  it  gave — 

Phosphate  of  lime   40-34 

Carbonate  of  lime  and  some  fluorid   5M  4 

Carbonate  of  magnesia   9*70 

Oxide  of  iron,  with  a  little  alumina  and  manganese  12*62 

Insoluble  siliceous  matter   25*44 

Volatile   2*13 

95*37 

The  analysis  is  defective  from  a  loss  of  over  4  per  cent.,  but  the 
quantities  actually  found  show  sufficiently  well  the  composition  of 
the  substance  where  scientific  accuracy  is  not  essential. 

Before  returning  to  the  foot-prints,  I  would  further  state,  on  the 
subject  of  phosphatic  nodules,  that  last  season  my  associate,  Mr. 
Murray,  in  examining  the  rocks  on  which  the  Lower  Silurian  on- 
conformably  rests  in  the  Johnstown  District,  met  with  altered  con- 
glomerates interstratified  with  limestone  not  distinguishable  from  the 
highly  crystalline  rock  which  is  interstratified  with  the  gneiss ;  and 
associated  with  the  auartx-pebbles  of  the  conglomerate  are  soft  white 
nodules  containing  phosphate  of  lime.  In  the  beds  of  the  crystalline 
limestone,  separating  the  masses  of  gneiss,  imperfect  crystallisations 
of  phosphate  of  lime  are  of  very  frequent  occurrence*.  They  are 
usually  small,  but  in  some  parts  they  become  large  and  so  thickly 
il  sseminated  as  to  give  the  rock  an  economic  value.  On  Lake 
Huron  the  Lower  Silurian  group  rests  unconfbrmably  upon  a  sili- 
ceous series  with  only  one  known  band  of  limestone,  of  about  150 
feet  thick,  with  leaves  of  chert  in  abundance,  but  as  yet  without  dis- 
■  »vered  fossils.  This  series  is  supposed  to  be  of  the  Cambrian  epoch. 
It  comprehends  the  copper-bearing  rocks  of  that  district,  and  with 
its  igneous  interstratified  masses  has  a  thickness  of  at  least  10,000 
feet.  The  gneissoid  group,  of  which  mention  is  made,  is  probably 
still  older  than  this.  Its  conditions  appear  to  me  to  make  it  reason- 
able to  suppose  that  it  consists  of  aqueous  deposits  in  an  altered 
state,  and  the  origin  of  the  phosphatic  nodules  and  crystals  in  some 
of  its  members,  with  reference  to  a  possible  connexion  with  life  in 
ch  ancient  strata,  becomes  a  question  of  great  interest. 

Having  shown,  I  hope  conclusively,  the  stratigraphical  relations  of 
The  track-beds,  I  have  only  farther  to  state  that,  with  the  view  of 
omitting  to  competent  authority  as  large  an  amount  of  evidence  as 
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convenient  to  illustrate  the  nature  of  the  animal  or  animals  by  which 
the  foot-prints  were  impressed,  I  have  brought  over  and  temporarily 
placed  in  the  Museum  of  the  Society  the  original  slab  of  sandstone, 
12^  feet  in  length,  from  which  the  casts  of  last  year's  communication 
were  taken  (No.  7  of  Prof.  Owen's  description) ;  a  second  slab  of  the 
original  stone,  from  Mr.  Henault's  field,  measuring  8  feet  (No.  3  of 
Prof.  Owen's  description) ;  and  a  third  slab,  with  two  tracks  and 
ripple-mark  upon  it,  from  the  Island  of  St.  Genevieve.  These  are 
accompanied  by  about  100  slabs  of  plaster-casts,  taken  from  various 
tracks  as  they  are  naturally  exposed  in  the  field.  Adding  one  track 
to  another  they  measure  about  350  feet.  Two  of  the  casts  are  from 
tracks  immediately  near  the  one  first  discovered,  and  one  of  them 
shows  the  groove  running  out  of  the  centre  (No.  4  of  Prof.  Owen's 
description).  The  remainder  are  from  Henault's  field.  In  it  four 
areas  are  comprehended  within  a  distance  of  four  chains,  three  of 
which  are  exhibited  in  their  true  relation  to  one  another  in  PI.  VII. 
A,  B,  C ;  and  each  of  these  is  displayed  on  a  larger  scale,  3  inches 
to  16  feet,  in  PI.  VIII.  A,  B,  C. 

In  PI.  VIII.  A.  there  are  ten  tracks,  seven  of  them  on  a  smooth- 
surfaced  bed,  which  has  been  rubbed  by  ice  moving  in  a  direction 
S.  40°  W.  These  tracks  are  indicated  by  lines  of  different  colour, 
and  are  numbered  1  to  7.   Their  measurements  are, — 

ft  in.  in. 

1 .  6  0  long  by  5  wide. 

2.  10  3  „  54  „ 

3.  28  6  „  5i  „  (No.  5  of  Prof.  Owen's  description.) 

4.  24  6  „  U  „ 

5.  8  6  „  5f  „ 

6.  6  3  „  5  „  (No.  1  of  Prof.  Owen's  description.} 

7.  12  0  „  5  „  (No.  6  of  Prof.  Owen's  description.) 

96  0 

On  a  surface  2  inches  lower,  showing  ripple-marks  (the  ridges  of 
the  ripple-mark  nmning  N.  75°  £.),  there  are  two  tracks,  numbered 
9  and  10,  measuring, 

ft.  in. 
9.    5    4  long, 
10.    4    6  „ 

9  10 

And  there  is  another,  on  a  surface  still  lower  by  about  1  inch,  but 
showing  no  ripple-mark, 

ft.  in.  in. 
8.   4  6  long  by  5£  wide. 

PI.  YIII.  B.  shows  seventeen  tracks,  twelve  of  which  are  on  a 
smooth  surface,  which  has  been  rubbed  by  ice  moving  in  a  S.W.  di- 
rection.  They  are  numbered  1  to  12,  and  measure 
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ft.  in. 

in. 

3  0  long  by  5  wide. 

2. 

Oj  » 

4  0 

A 

•I  o  „ 

ft 

3  8  „ 

4i  » 

0. 

5  5f  „ 

4  „ 

7. 

11  8  „ 

5i  „ 

8. 

12  0  „ 

5i  „ 

9. 

12  0  „ 

6  „ 

10. 

18  0  „ 

H  „ 

11. 

10  0  „ 

6  „ 

12. 

18  Ot  „ 

6i  „ 

107  6 

(No.  2  of  Prof.  Owen's  description.) 


(No.  3  of  Prof.  Owen's  description.) 


The  remaining  five,  numbered  13  to  17,  are  upon  a  ripple-marked 
surface,  the  ridges  of  the  ripples  running  in  the  direction  N.  71°  £•» 
and  this  surface  is  2  inches  below  the  smooth  one.    The  i 


ments 


13. 
14. 
15. 
16. 
17. 


ft. 
14 

3 
15 
20 

8 


in. 

long  by  6 

„  4 

„  5 


wide. 


61  7 

PI.  VIII.  C.  shows  six  tracks,  which  are  represented  by  coloured 
lines  without  numbers.  One  of  them  is  very  narrow,  not  exceeding 
three-quarters  of  an  inch  in  breadth.   Their  measurements  i 


in. 

long  by  4±  wide. 
5i  „ 


3 

Of 


18  0 


The  tracks  are  upon  a  smooth  surface  (marked  b),  which,  like  the 
other  smooth  surfaces,  has  been  rubbed  by  the  ice.  On  the  same 
surface  there  is  ripple-mark,  the  natural  edge  or  termination  of  which 
is  seen,  and  by  it  the  tracks  are  obliterated.  Three  of  them  come  op 
to  the  edge  of  the  ripple,  and  are  not  traceable  upon  it.  From  the 
general  line  of  the  edge  a  part  projects,  like  a  spur  or  triangle,  which 
is  marked  across  by  the  ripple  up  to  the  apex,  as  if  the  cause  pro- 
ducing the  ripple  bad  reached  that  far  and  no  farther.  The  part 
lettered  d  also  shows  ripple-marks,  and  is  6  inches  higher  than  the 
surface  marked  c,  which  runs  on  below  it,  and  while  the  direction  of 
the  ripple-lines  on  d  is  8. 53°  E,  those  on  e  run  S.  80°  E.   On  the 

*  Rather  leas  of  thb  track  appean  in  the  plan  than  on  the  plaster-cast*, 
t  In  the  plan  this  track  extends  farther  than  on  the  plaster-casts. 
X  A  portion  of  this  track,  to  the  extent  of  87  feet,  on  the  sandstone  slab,  m 
temporarily  placed  in  the  Society's  Museum  by  Mr.  Logan. 
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part  lettered  a  there  is  also  ripple-mark.  It  is  an  inch  or  two  below 
b9  and  the  ripple-ridges  on  it  run  N.  15°  E.  The  inference  which  I 
wish  to  draw  from  these  facts  is,  that  the  ripple-ridges  on  succeeding 
surfaces,  only  a  few  inches  above  one  another,  being  in  different  di- 
rections, and  the  limit  of  the  producing  cause  of  the  ripple  being  in- 
dicated in  one  example,  it  appears  probable  that  the  ripple  was  pro- 
duced by  tide  rather  than  by  a  current  in  deep  water ;  that  in  the 
same  area  one  part  of  the  surface  was  dry  when  the  wave  was  acting 
close  by  on  another  part;  and  that  the  direction  of  the  wave  was 
towards  the  apex  of  the  triangular  space. 

The  fourth  area,  of  which  no  plan  is  given,  is  removed  a  few  yards 
to  the  east  of  that  lettered  C  in  PI.  VII.,  and  on  the  casts  of  this  sur- 
face it  will  be  seen  that  there  are  ten  tracks,  measuring — 


ft. 

in. 

in. 

6 

0  long  by  5£  wide 

10 

6  „ 

&i  it 

8 

0  „ 

5  „ 

2 

5  „ 

5£  „ 

5 

9  „ 

6*  „ 

2 

7  „ 

4*  „ 

6 

9  „ 

H  „ 

5 

7  „ 

H  >. 

4 

8  „ 

4  „ 

4 

0  „ 

5  „ 

56 

5 

The  geological  importance  given  to  these  tracks  by  the  opinion 
expressed  by  Professor  Owen  in  regard  to  the  specimens  produced 
last  season,  has  induced  me  to  spare  no  pains  in  bringing  evidence  to 
bear  on  the  subject ;  and  the  materials  having  been  submitted  to  the 
examination  of  the  Professor,  he  has  kindly  undertaken  to  lay  before 
the  Meeting  a  description  of  them. 


At  the  Evening  Meeting,  March  24,  M.  E.  Desor  exhibited  an 
engraving  of  a  slab  with  Foot-prints  bearing  a  general  resemblance 
to  Protichnites.  These  Tracks  are  from  the  vicinity  of  the  Niagara 
Falls,  and  belong  to  the  "  Clinton  ^roup."  Prof.  Owen  has  supplied 
the  following  note  on  these  Foot-prints. 

The  plate  exhibited  by  M.  Desor  gives  a  view  of  a  series  of  prints 
on  each  side  a  median  track,  of  about  18  inches  in  extent.  The 
foot-prints  on  one  side  of  the  median  track  are  in  successive  groups  of 
three  prints,  the  two  next  the  trcck  being  most  approximated.  Only 
the  pairs  of  prints  corresponding  to  those  median  pairs  are  shown  on 
the  other  side  of  the  track.  The  plate  gives  no  indication  of  succes- 
sive groups  of  three  sets  of  prints ;  but  it  would  be  unsafe  to  rely 
upon  it  for  the  precise  character  of  the  impressions. 


[Note.— The  casts  of  surface  A,  PI.  VIII.  (including  the  tracks,  P. 
7-notatus,  P.  lineatus,  and  P.  alternant),  together  with  characteristic 
impressions  of  the  remaining  species,  will  be  deposited  in  the  British 
Museum.] 
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^/description  of  the  Impressions  and  Foot-prints  */  the 
*  Protichnites  from  the  Potsdam  Sandstone  of  Canada. 
By  Prof.  Owen,  F.R.S.,  F.G.S.  Ac. 

[Plates  IX.  to  XIV.  A.] 

Of  the  extensive  series  of  foot-prints  found  under  the  riicmmUaces 
described  in  the  preceding  communication,  the  originals  of  some  and 
good  plaster-casts  of  more  have  been  brought  over  with  much  labour 
and  expense  by  their  discoverer,  Mr.  Logan,  and  of  these  I  have  se- 
lected the  best-marked  and  most  intelligible  portions  for  the  following 
descriptions. 

1.  Protichnites  septem-notatus.    PL  DL 

The  subject,  which  for  the  convenience  of  reference  I  here  so 
named,  consists  of  a  series  of  well-defined  impressions,  continued  n* 
regular  succession  along  an  extent  of  4  feet ;  and  traceable,  with  an 
inferior  degree  of  definition,  along  a  further  extent  of  upwards  of  2  feet. 

These  impressions  (see  Plan,  PI.  VIII.  A.  6)  are  represented  by 
plaster- casts. 

In  the  first-selected  extent  of  4  feet  there  are  thirty  successive 
groups  of  foot-prints  on  each  side  of  a  median  furrow,  which  is  alter- 
nately deep  ana  shallow  along  pretty  regular  spaces  of  about  2\  inches 
in  extent.  The  number  of  prints  is  not  the  same  in  each  group ; 
where  they  are  best  marked,  as  in  PI.  IX.  1  X,  we  see  3  prints  in  one 
group,  a,  <r ,  a",  2  prints  in  the  next,  bf  ©\  and  2  in  the  third,  c,  e\ 
which  is  followed  by  a  repetition  of  the  group  of  3  prints,  «,  **, 
But,  in  some  instances,  the  outer  print  of  the  third  set  is  divided,  as 
at  1  R,  J,  c",  making  the  numbers  in  the  three  successive  groups  3, 
2, 3,  instead  of  3, 2, 2 :  the  three  groups  of  impressions  are,  howciq, 
notwithstanding  this  occasional  variety,  recognizably  repeated  in  suc- 
cession along  the  whole  series  of  tracks  on  both  sides  of  the  median 
groove*. 

The  principal  foot-prints  are  disposed  in  pairs,  placed  with  different 
degrees  of  obliquity,  in  each  of  the  three  groups,  towards  the  median 
track ;  the  innermost  print  in  the  second,  6,  and  third,  c,  pairs,  which 
are  best  marked,  being  usually  rather  more  than  half  the  sute  of  the 
outer  print,  V  and  c*. 

The  two  foot-prints  of  the  same  pair  are  a  little  further  apart  from 
each  other,  in  the  three  succeeding  pairs,  as  at  a*, 6,  V,  e,  c\  espe- 
cially in  the  second  and  third  groups  of  each  set ;  the  two  forming 
the  pair  a*,  a"  again  approximating  in  the  next  series,  and  the  pain 
b,  bf  and  c,  c9  diverging  in  the  same  direction  and  decree ;  and  this 
alternate  approximation  and  divergence  is  repeated  throughout  the 
entire  series  of  the  present  tracks. 

*  Should  these  descriptions  express  mote  or  less  than  is  shows  in  the  nates* 
the  reader  will  be  kind  enough  to  bear  in  mind  that  they  were  penned  after  i*. 
peeled  examinations  of  the  originals  by  varied  applications  of  aithloial  and  natural 
lights,  and  express  the  sum  of  the  results  of  such  comparisons  extended  onsr  the 
entire  series  of  tracks ;  whilst  the  able  artist  has  giren  the  effects  of  one  tight  and 
shade  only,  as  seen  on  one  portion  of  the  track. 
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But  what  strikes  the  ichnologist,  heretofore  conversant  chiefly  with 
the  foot- prints  of  bipeds  or  quadrupeds,  is  the  occurrence  in  the  pre* 
sent  series  of  the  third  impression,  a,  which  complicates  the  most 
approximated  pair,  being  placed  in  front  and  a  little  to  the  inner  side 
of  the  innermost  impression,  a',  of  that  pair.  The  superadded  im- 
pression, a,  is  about  the  same  size  as  the  innermost  in  each  pair,  the 
average  diameter  of  that  impression  being  5  lines. 

Taking;  this  view  of  the  impressions,  it  appears  that,  whilst  the  in- 
nermost m  each  pair,  af ,  b9  e,  are  of  equal  size,  the  outermost,  a",  6',  c*, 
1  L,  progressively  increase  in  size,  from  the  most  approximated  to 
the  most  divergent  of  the  three  pairs ;  that  of  the  first,  a",  being 
narrow  in  proportion  to  its  length,  that  of  the  second,  b\  as  broad  as 
long,  and  the  outermost,  c/,  c",  of  the  third  pair  being  oblong,  but  larger 
than  that  in  the  first  pair.  In  some  places  where  the  most  approxi- 
mated pair  of  impressions,  c!>  a",  are  deeply  marked,  they  are  compli- 
cated by  a  fourth  shallow  and  very  small  pit,  a'",  2  L,  midway  between 
the  third,  a,  and  the  outermost,  a",  of  the  pair  of  impressions. 

The  deepest  parts  of  the  middle  track  usually  occur  between  the 
second,  6,  6',  of  each  of  the  three  groups  of  foot-prints. 

The  first  pair  of  impressions,  a',  a",  are  included  within  a  space  of 
1  inch  3  lines  in  diameter ;  the  third  pair  within  a  space  of  1  inch 
9  lines  in  diameter.  The  longitudinal  extent  of  the  three  groups  of 
impressions,  measured  along  the  outermost,  averages  3  inches  6  lines, 
and  along  the  innermost  3  mches  3  lines :  the  extreme  extent  of  the 
three  sets  of  impressions  averages  4  inches.  The  transverse  interval 
between  the  innermost  impressions,  a,  a,  of  the  first  pair  is  3  inches, 
and  between  those  of  the  third  pair,  e,  c,  2  inches,  measured  from 
their  innermost  borders.  The  distance  between  the  two  outermost 
impressions  of  the  first  pair  is  5  inches,  and  it  is  the  same  between 
the  corresponding  impressions  of  the  third  pair,  measured  from  their 
outer  borders ;  so  that  a  line  drawn  along  the  outer  margin  of  the 
impressions  of  one  side  would  be  parallel  to  the  line  drawn  along  the 
same  parts  on  the  opposite  side,  the  difference  in  the  distance  from 
the  midspace  being  presented  by  the  innermost  impressions. 

The  average  breadth  of  the  median  groove  is  5  lines,  its  depth  at 
the  deepest  parts  between  1  and  2  lines ;  the  regular  alternation  of 
the  deep  and  shallow  parts  of  the  median  impression  indicates  the 
part  that  made  it  to  have  been  alternately  raised  and  depressed,  an 
alternation  which  might  affect  a  tail  as  well  as  the  trunk,  but  is  more 
likely  to  have  affected  the  latter  in  an  undulating  mode  of  pro- 
gression. 

There  are  no  clear  or  unequivocal  marks  of  toes  or  nails  on  any  of 
the  impressions  which  form  the  lateral  pairs  or  triplets.  Their  mar- 
gins are  not  sharply  defined,  but  are  rounded  off  and  sink  gradually 
to  the  deepest  part,  which  is  a  little  behind  the  middle  of  the  de- 
pression. There  is  a  slight  variation  in  the  form  and  depth  of  the 
answerable  impressions,  but  not  such  as  to  prevent  their  correspond- 
ence being  readily  appreciable  through  the  whole  of  the  extent  here 
described ;  that  is  to  say,  the  innermost  of  each  of  the  three  pairs 
here  described  as  first,  Ay  second,  B,  and  third,  C,  may  be  identified 
with  the  corresponding  innermost  impression  on  the  opposite  side  and 
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with  the  same  impression  of  the  same  pair  in  the  three  preceding  and 
the  three  succeeding  pairs. 

This  power  of  determining  the  homologies,  so  to  speak,  of  the  se- 
veral impressions  is  a  strong  evidence  of  their  having  been  made  by 
the  successive  application  of  the  same  instruments ;  whilst  the  equal 
distances  at  which  they  recur  proves  them  to  have  been  made  in  re- 
gular succession,  as  in  the  ordinary  progression  of  an  animal  walking 
by  means  of  limbs. 

The  question  next  to  be  resolved  is, — how  those  instruments  were 
disposed  in  the  body  of  the  creature  that  made  and  left  the  impressions? 

ft  cannot  be  supposed  that  two  limbs,  answering  to  the  fore  and 
hind  legs  of  a  quadruped,  could  have  made  impressions  so  different  in 
form  and  in  their  degrees  of  approximation  as  we  see  in  each  pair  of 
the  series  of  three  sets  on  one  side.  In  a  quadruped  we  are  accustomed 
to  see  the  successive  pairs  of  the  same  side  resembling  each  other, 
the  difference  in  the  two  impressions  of  such  pairs  indicating  the 
difference  between  the  fore  and  hind  feet  of  the  side  to  which  they 
belonged ;  but  in  the  present  series  of  impressions  each  pair  in  the 
successive  series  of  three  so  differs  from  tne  other  two  pairs  in  the 
form  and  size  of  the  impressions,  and  their  degree  of  divergence,  as 
to  render  it  scarcely  possible  to  suppose  that  they  could  have  been 
formed,  either  along  the  inner  or  the  outer  series  of  impressions,  by 
successive  steps  of  the  same  limb ;  and,  were  it  contended  that  the 
animal  by  some  peculiarity  of  gait  more  and  more  approximated  ha 
fore  limbs  in  making  three  successive  steps,  and  then  divaricated  them 
to  commence  another  series  of  three  steps,  on  the  supposition  that 
the  inner  impressions  were  formed  by  the  same  pair  ot  fore  limbs  at 
each  series  of  three  steps,  the  difficulty  would  still  remain  of  account- 
ing for  the  third  superadded  impression,  a,  on  the  hypothesis  of  their 
being  formed  by  a  quadruped,  with  the  additional  difficulty  of  the 
difference  in  shape  and  size  of  the  outer  impressions  of  the  same 
three  pairs. 

The  first  or  most  approximated  pair,  a*,  a",  in  each  set  of  three 
pairs  of  impressions  are  the  most  equal  in  size.  In  the  second  pair, 
by  b\  which  are  nearly  equally  approximated,  the  outer  impression  is 
manifestly  larger  and  broader  than  the  inner  one.  In  the  third  and 
most  divergent  pair,  e,  c1,  the  outer  one  is  still  larger,  in  length  as  well 
as  in  breadth,  and  is  occasionally  subdivided.  Now,  as  the  first  pair  in 
each  series  of  three,  A%  1  L,  plainly  answers  to  the  same  pair  in  the 
next  series  of  three,  A,  2  L,  and  the  tike  in  regard  to  the  second  pair 
and  the  third  pair,  it  follows  that  the  same  instruments  must  have 
made  the  first  pair  in  each  of  the  three  pairs,  and  so  of  the  second  and 
of  the  third  pairs ;  or,  in  other  words,  each  pair  in  a  series  of  three 
must  have  been  made  by  different  members,  or  divisions  of  mem- 
bers ;  and  the  same  must  be  inferred  in  respect  to  the  small  impres- 
sion, a,  which  is  superadded  to  the  first  pair  in  each  triplet :  whence 
it  may  be  concluded  either  that  the  animal  had  seven  pairs  of  ambn* 
talon  limbs,  or  that  it  had  three  pairs,  of  which  two  were  bifid  and 
the  third  trifid  at  the  impressing  extremity. 

Th<  impressions  which  are  so  clearly  marked  in  the  extent  above 
described  are  continued  less  distinctly  but  uninterruptedly  for  more 


1852.]         OWEN — POTSDAM  SANDSTONE  FOOT-TRACKS.  217 

than  6  feet.  The  most  constant  of  the  small  impressions  are  those 
which  are  nearest  the  median  track,  c,  and  which  have  tyeen  described 
as  the  innermost  of  the  third  pair,  but  which  first  arrest  the  eye  as 
superadded  foot-marks,  occurring  pretty  regularly  at  intervals  of  from 
4  inches  to  4|  inches  along  the  whole  track. 

There  are  three  other  series  of  tracks  referable  to  the  Protichnites 
7-notatus. 

2.  Protichnites  octo-notatus.    PI.  X. 

The  series  of  foot-prints,  here  described  as  the  Protichnites  8-no- 
tatus,  extends  for  5  feet  5  inches  along  a  surface  of  hard  sandstone, 
which  has  been  rubbed  by  the  ice.  This  track  is  represented  by 
plaster-casts.  It  is  seen  on  the  Plan,  PI.  VIII.  B.  6.  In  this  series 
the  impressions  of  the  feet  are  deeper  and  the  median  track  is  much 
fainter,  yet  it  continues  to  show  the  alternately  deep  and  shallow 
character,  its  traces  being  visible  at  regular  intervals,  which  are, 
however,  longer  than  those  that  divide  the  deeper  parts  of  the  same 
groove  in  the  first-described  series  of  impressions. 

In  the  present  series  the  small  innermost  impressions,  c,  are  re- 
peated at  intervals  of  5  inches ;  the  distance  between  the  right  and 
the  left  of  these  impressions  is  2  inches,  being  less  than  half  their 
longitudinal  interval ;  whereas  in  the  former  slab  the  transverse  in- 
terval is  exactly  half  the  longitudinal  one. 

The  larger  and  more  exterior  depressions  present  also  a  somewhat 
different  arrangement  from  those  first  described.  Where  they  are 
most  clearly  and  regularly  impressed  it  is  as  follows :— on  the  outside 
of  the  small  innermost  impression,  c,  there  is  a  pair  of  larger  im- 
pressions, C*,  c",  closely  approximated  one  behind  the  other,  in  the 
direction  of  the  track,  the  longitudinal  extent  of  this  pair  of  impres- 
sions being  1  inch.  The  next  pair  of  impressions,  b,  b',  answering  to 
the  middle  pair  before  described,  and  here  noticed  in  the  contrary  or 
retrograde  course,  are  placed  nearly  transversely  and  are  wider  apart 
than  the  longitudinal  pair,  the  innermost  being  the  largest,  and  the 
diameter  of  the  pair  1  inch  8  lines.  Then  follow  three  impressions, 
a,  a1,  a",  forming  an  inequilateral  triangle,  with  a  broad  base  turned 
inwards  and  the  apex  outwards,  the  impression  forming  which  (a")  is 
the  largest  of  the  three,  although  thev  are  of  nearly  equal  size,  having 
a  diameter  each  of  about  half  an  inct.  These  three  impressions  an- 
swer to  the  three,  a,  a1,  a11,  PI.  IX.,  which  have  been  described  as 
forming  the  first  pair  of  impressions  with  the  accessory  impression 
in  the  Protichnites  7-notatus ;  but  the  three  are  here  so  distinct  and 
remote  that  the  pair  could  only  be  chosen  arbitrarily.  The  middle 
or  second  pair,  b,  bf,  answers  to  the  same  in  the  impressions  first 
described,  with  the  difference  of  direction  above  noted :  the  third  pair 
differs  in  the  more  constant  and  complete  division  of  the  larger  outer- 
most impression  into  two  pits,  c,  c*.  In  none  of  these  impressions  are 
there  distinct  and  unequivocal  traces  of  claws  or  digital  divisions ; 
they  seem  rather  to  have  been  impressed  by  one  limb,  or  division  of  a 
limb,  terminating  in  a  hard,  obtuse,  subangular  point. 

The  arrangement  of  the  impressions  just  described  is  repeated  with 
little  modification  throughout  this  series  of  tracks ;  that  is  to  say, 
taking  them  in  the  order  in  which  those  of  the  first  series  were  de- 
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scribed,  we  have  the  group  of  three  impressions,  a,  «\  a",  die  trans- 
verse pair,  b,  b\  and  the  widest  pair,  c,  in  which  the  outer  ani 
larger  impression  is  divided  into  two,  c*,  c". 

Neither  in  this  nor  in  the  preceding  series  does  any  impression  ap- 
pear to  be  modified  or  in  any  degree  obliterated  by  the  print  of  aaother 
foot  coming  into  the  same  place. 

The  median  interval  between  the  right  and  left  of  the  first  pit  m 
the  group  of  3  impressions,  a*,  is  3  inches  9  lines ;  between  the  two 
pits  in  the  same  sets  forming  the  apex  of  the  triangle,  a",  4  inches 
8  lines,  and  between  the  third,  a,  3  inches  2  lines.  These  measure- 
ments are  taken  from  the  inner  border  of  the  ri^ht  and  left  impres- 
sions respectively.  The  interval  between  the  innermost,  6,  of  tht 
transverse  pair  of  impressions  is  3  inches  2  lines,  and  between  the 
outermost,  b\  from  their  outer  borders  5  inches  8  lines :  the  interval 
between  the  longitudinal  pairs,  c',  c",  from  their  outer  border  is  5 
inches  3  lines.  The  length  of  each  series  of  three  sets  of  impressions 
is  from  5  inches  to  5  inches  3  lines,  and  this  distance  is  very  regularly 
preserved  throughout  the  series  of  tracks.  Thus  each  series  presents 
eight  distinct  impressions  on  each  side,  1 L,  1  Js\  and  tallying  impres- 
sions of  each  of  the  eight  can  be  determined  in  each  successive  aeries, 
2L,  2B. 

From  this  it  is  to  be  inferred  that  they  were  made  by  the  same 
parts  respectively ;  that  is,  that  the  impressions  were  repeated  by  the 
same  limbs  or  impressing  instruments  at  each  successive  series.  Con- 
sequently if  we  regard  each  series  as*  indicating  the  nature  of  the 
inaividual  that  impressed  them,  we  must  conclude  it  to  have  pos- 
sessed either  eight  pairs  of  impressing  instruments,  or  three  pairs  of 
limbs  so  divided  as  to  leave  3  prints,  2  prints,  and  3  prints  in  longi- 
tudinal succession  on  both  the  right  and  the  left  sides,  and  suffi- 
ciently long  and  flexible  to  make  a  step  co-extensive  with  the  space 
occupied  by  the  entire  series  of  such  limbs ;  these  impressions  seve- 
rally presenting  characters  so  distinct  in  the  same  series  of  J9  H,  C9 
as  to  forbid  the  conclusion  that  they  were  made  by  the  same  instru- 
ments differently  applied  at  regularly  alternating  intervals  or  drstsrsnrs 
in  such  series. 

We  have  clearly,  therefore,  indications  of  the  same  kind  or  genua 
of  animal  in  the  present,  as  in  the  preceding  series  of  tracks,  but  the 
difference  in  the  proportions  and  arrangements  of  the  individual  im- 
pressions in  the  determinable  groups  indicates  a  difference  of  species, 
There  are  two  other  series  of  tracks  of  the  Protiekmtea  S-motrntn* 
repeating  very  recognizably  the  characters  above  described. 

3.  ProticAnites  latu*.    PI.  XI. 

A  slab  of  the  sandstone  8  feet  long*  by  2  feet  wide  shows  three 
series  of  the  impressions,  two  extending  lengthwise  and  crossing  each 
other  very  obliquely,  and  the  third  crossing  both  the  others  trans- 
versely. In  the  track  which  traverses  the  whole  length  of  this  slab 
the  impressions  of  the  feet  are  deeper  and  larger,  whilst  the  median 

*  Thii  track  hat  a  it  ill  greater  extension  on  the  platter-casts  taken  frosn  the 
sandttone-sorracc  of  which  the  slab  here  referred  to  Is  a  portion.  See  the  Plan, 
PL  VIII.  B.  12. 


1852.]        OWKN—  POT8DAH  8ANDSTONE  FOOT-TRACKS.  219 


impression  is  much  shallower  and  fainter  than  in  the  foregoing  foot- 
prints, hut  it  still  shows  the  alternate  deep  and  shallow  parts.  Al- 
though the  impressions  are  less  regular  than  in  the  before-described 
series,  and  the  small  innermost  ones  are  less  recognizable,  yet  they 
are  discernible  in  certain  parts,  as  at  c,  c,  and  they,  in  like  manner, 
mark  the  boundaries  of  three  sets  of  impressions  on  each  side  of  the 
median  one. 

The  first  set  consists  of  a  pair,  af9  a",  of  nearly  equal  impressions, 
with  occasional  indications  of  a  third  print  forming  an  inequilateral 
triangle.  The  second  set  of  impressions  is  a  transverse,  more  widely 
parted,  pair,  b,  V,  the  innermost  being  the  smallest,  die  outermost 
the  largest  and  sometimes,  as  in  1  Lf  divided  into  two,  which  are, 
however,  included  in  a  common  circumference.  Then  that  impres- 
sion, c*,  c",  which  has  been  described  as  the  outermost  of  the  pair  to 
which  the  small  innermost  impression,  c,  belongs,  is  very  large  and 
more  distinctly  bilobed  than  the  outermost  of  the  preceding  pair, 
and  its  long  ads  is  turned  at  right  angles  to  that  of  the  preceding 
outermost  impression.  The  longitudinal  extent  of  the  three  sets  of 
impressions  on  one  side  is  5  inches.  Hie  transverse  interspace  be- 
tween the  two  small  innermost  impressions,  c,  c,  is  2  inches  2  lines, 
between  the  outermost,  a",  a",  of  the  three  sets  of  impressions  from 
their  outer  borders  7  inches.  The  general  resemblance  of  these  suc- 
cessive series  of  three  sets  of  impressions  with  those  of  the  better- 
defined  tracks  before  described  leave  no  doubt  of  their  having  been 
made  by  the  same  genus  of  animal,  but  it  would  seem  to  be  by  a 
different  species  having  a  body  broader  in  proportion  to  its  length. 

The  sandstone  allows  a  character  of  the  lateral  impressions  to  be 
seen  which  was  not  so  distinctly  recognizable  in  the  casts,  namely  the 
great  depth  and  angular  figure  of  the  bottom  of  the  impressions,  with 
some  irregular  angular  notches  towards  its  circumference,  indicating 
them  to  have  been  made  by  a  limb  shod  with  a  hard  substance  ter- 
minating  in  a  somewhat  obtuse  point  with  angular  processes  from  its 
base.  This  character  of  the  impressions  is  irreconcileable  with  their 
having  been  formed  by  the  convex  sole  of  the  foot  of  a  Chelonian 
or  by  the  more  flattened  foot  of  a  Batrachian  or  Saurian  reptile,  or 
by  the  hoofed  or  padded  foot  of  any  mammal. 

4.  Protichnites  multinotatus.    PI.  XII.  (\  nat.  size.) 

Casts  of  impressions  along  an  extent  of  4|  feet,  forming  part  of  a 
series  which  was  traced  for  an  extent  of  10  feet  uninterruptedly,  ex- 
hibit a  strong  deviation  of  the  intermediate  continuous  groove  from 
the  mid-line  between  the  two  lateral  series  of  impressions.  The 
breadth  of  this  track  from  the  outer  border  of  the  outer  impressions 
nowhere  exceeds  3±  inches.  The  impressions  are  subcircular  with 
smooth,  rounded,  ill-defined  borders,  of  varying  depth,  but  most  of 
them  faint  and  shallow.  Commencing  at  the  end  of  the  series,  where 
they  are  least  distinct,  the  intermediate  groove  inclines  to  the  left  and 
soon  gets  upon  the  innermost  of  the  impressions  along  the  left  side. 
At  about  halfway  from  the  other  end  it  becomes  deeper,  obliterates 
many  of  the  prints  on  that  side,  and  has  been  impressed  so  strongly 
as  to  force  up  a  ridge  of  the  sand  upon  its  left  side.    Some  faint 
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impressions  of  the  outer  prints  may  be  seen  on  this  ridge.  The  im- 
pressions of  the  right  side  opposite  the  deeper  part  of  the  ridge  are 
unusually  deep,  and  are  more  numerous  and  closer  together  than  in 
the  shallower  parts  of  the  tracks.  In  no  part  of  the  series  are  the 
impressions  so  distinct  and  well-defined  as  to  allow  a  recognition  of 
the  groups  of  threes  repeating  each  other ;  but  in  a  few  parts,  as  they 
approach  the  deep  excentric  groove,  the  small  innermost  pits  may  be 
observed.  There  are  few  places  where  two  contiguous  pits  are  divided 
by  an  interspace  equal  to  their  own  breadth.  Although  many  of  the 
foot-prints  on  the  same  side  are  in  pairs,  more  or  less  oblique,  groups 
of  three  occur  not  unfrequentlv.  Nothing  like  daws  or  digital  divi- 
sions can  be  discerned  where  tne  impressions  are  deepest.  The  in- 
termediate groove  becomes  shallow  and  gains  the  mid-space  in  the 
last  two  feet  of  the  present  series.  Where  the  impression  is  deepest 
the  tracks  bend  slightly  in  a  different  direction  from  the  preceding 
part,  making  about  an  angle  of  162°.  This  deviation  of  the  middle 
impression  would  seem  to  indicate  that  it  had  been  formed  by  some 
appendage  which  continued  to  incline  to  the  left  after  the  body  had 
begun  to  bend  to  the  right  side,  and  the  greater  depth  of  the  impres- 
sion where  the  bend  is  greatest  would  show  that  there  had  been  an 
increased  exertion  on  the  part  of  the  animal  at  the  time  of  making 
that  bend. 

5.  Protichnites  lineatus.  PI.  XIII.  ft  nat.  size),  and  PI.  Till.  A.  3. 

In  a  continuous  track  of  the  median  impression,  traceable  along  an 
extent  of  13  feet,  this  impression  preserves  in  some  parts  for  an  extent 
of  between  2  and  3  feet  a  considerable  and  equable  depth ;  it  is  also 
accompanied  by  a  remarkable  modification  of  the  lateral  impressions, 
which  are  rather  represented  by  continuous  grooves  than  by  a  succes- 
sion of  pits,  although  these  are  sufficiently  evident  in  many  parts  of 
the  lateral  grooves,  forming  partial  depressions  in  the  grooves.  Along 
an  extent  of  13  inches,  where  the  deep  median  impression  is  equi- 
distant  from  die  two  narrow  and  shallow  impressions  on  each  side, 
the  outermost  of  these  impressions  is  deepest  on  the  left  side,  and 
the  innermost  is  deepest  on  the  right :  a  little  further  on  the  lateral 
grooves  become  broken  up  into  a  series  of  shallow  foot-prints  and 
then  again  become  continuous  in  shallow  grooves.  After  an  uninter- 
rupted course  of  5  feet  from  one  end  of  this  series  of  impressions,  the 
middle  groove,  after  bending  slightly  to  the  right,  tenninates  in  a 
point,  the  impressing  part  appearing  there  to  have  been  raised  ob- 
liquely above  the  sand ;  but  the  impression  recommences  to  the  left 
and  a  little  behind  this  point  and  somewhat  more  obtusely,  and,  again 
becoming  shallower,  it  seems  to  have  been  partially  reimpressed  to 
i  In-  right  of  this,  and  then  to  have  continued  uninterruptedly,  a  tittk 
varied  in  its  depth,  for  some  feet  further. 

me  of  the  impressions  in  this  extent  of  tracks  are  sharply  defined* 
the  borders  both  of  the  grooves  and  nits  being  much  rounded  off,  as 
if  they  had  been  partially  effaced,  either  as  having  been  made  under 
*aU*r,  or  by  water  having  passed  over  them  soon  after  they  wwt 
mailt*,  They  give  the  idea  of  the  animal  having  been  partly  stn> 
1' ■■: "■<!  by  water  whilst  making  them,  so  as  to  have  occasionally 
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dragged  its  Uteral  appendages  along,  and  thereby  to  have  made  a 
continuous  groove  with  faint  impressions,  interrupted  where  the  feet 
have  been  applied  to  the  sand  in  the  usual  successive  way. 

The  breadth  between  the  outer  margins  of  the  outermost  tracks  is 
5  inches  6  lines ;  between  the  inner  border  of  the  innermost  tracks 
3  inches  10  lines ;  the  breadth  of  the  median  track  is  10  lines.  For 
a  short  distance  there  is  a  shallow  longitudinal  depression  on  the  left 
border  of  the  median  track,  and  here  and  there  are  faint  indications 
of  small  impressions  inside  of  the  innermost  of  the  lateral  tracks. 
The  name  indicative  of  this  series  of  tracks  is  one  of  convenience  only, 
and  is  not  to  be  regarded  as  the  sign  of  a  species  recognized  as  actually 
distinct  from  the  differently-marked  and  better-denned  impressions 
of  the  same  size  and  breadth. 

6.  Protichnites  alternant.    PI.  XIV.  (|  nat.  size),  and 
PL  VIII.  A.  7. 

In  a  series  of  impressions  in  which  the  middle  groove  is  represented 
by  a  succession  of  interrupted  shallow  longitudinal  channels,  with 
unimpressed  or  slightly  marked  intervals  of  nearly  their  own  extent, 
the  lateral  impressions  are  deep,  small,  and  more  or  less  of  an  angu- 
lar character.  In  some  parts  there  appears  only  a  single  impression, 
as  at  a  on  the  left  side,  1  L ;  an  inch  in  advance  of  this  there  will  be 
a  pair,  b,  b1,  placed  rather  obliquely,  the  innermost  much  larger  than 
the  outer  one.  One  inch  and  a  half  in  advance  of  this  is  a  third 
more  widely  parted  pair,  c,  c*,  also  placed  obliquely,  the  inner  im- 
pression being  smaller  than  the  outer  one.  Then  at  the  same  distance 
follows  a  triplet,  d,  df,  d",  or  a  pair,  dy  d1,  of  nearly  equal  size,  and  on 
the  same  transverse  line,  but  wider  apart  than  the  rest.  About 
2  inches  in  advance  of  this  is  a  pair,  e,  e,  which  are  nearer  together, 
and  then  comes  either  a  very  large  single  impression  or  one  com- 
posed of  a  confluent  pair,/.  The  outer  impressions  of  the  series  de- 
scribe a  curve,  with  the  convexity  turned  outwards,  but  the  opposite 
impressions  of  the  series  are  not  symmetrical ;  for  where  the  impres- 
sions are  widest  apart  on  the  left  side,  those  of  the  right,  as  in  1  R, 
are  nearest  together,  or,  being  confluent,  appear  single ;  and  where 
the  right  pair  of  impressions  are  widest  apart,  those  of  the  left  side 
are  nearest  together.  The  innermost  impressions  of  both  lateral 
series  preserve  best  their  regular  distance  from  the  middle  tracks. 
The  outer  impressions  differ  most  in  this  respect,  and  consequently 
describe  an  undulating  line,  but  so  that  when  the  convexity  is  turned 
from  the  middle  line  on  the  left  side  it  is  turned  to  the  middle  line 
on  the  right,  and  vice  vered.  Some  of  the  innermost  impressions  are 
elongated  transversely  and  become  gradually  shallow  outwards,  as  if 
the  root  impressing  them  had  been  moved  from  within  outwards. 

These  impressions  indicate  a  waddling  gait,  or  an  alternate  oblique 
movement  from  side  to  side  of  the  animal,  with  an  alternate  raising 
and  depressing  of  the  part  of  the  animal  which  has  left  the  middle 
fanpression.  Here  and  there  groups  of  three  impressions  are  inter- 
posed between  the  impressions  in  pairs.  The  shape  of  the  impres- 
sions indicates  them  to  have  been  made  by  hard,  pointed,  subangular 
extremities. 
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The  average  breadth  of  the  track  from  the  outermost  side  of  the 
outer  impressions  is  5  inches.  From  the  median  track  to  the  outer- 
most of  the  outer  impressions  is  3  inches,  and  to  the  innermost  of  the 
same  pair  of  impressions  1  inch  3  lines.  The  longitudinal  extent  of 
one  or  the  curves  which  includes  five  sets  of  prints  is  7  inches.  The 
interrupted  impressions  of  the  median  track  show  a  slight  deviation 
from  the  straight  line. 

The  modifications  presented  by  this  series  of  impressions  eunaDj 
militate  against  their  having  been  left  by  a  vertebrate  animal,  bat 
differ  so  much  from  those  already  described  as  to  clearly  indicate  a 
distinct  genus  of  many-limbed  animal. 

There  are  four  series  of  impressions  on  a  great  extent  of  ripple- 
marked  sandstones,  in  one  of  which  the  median  track  has  cut  throng* 
the  ripple-marks  along  an  undulating  curved  line  of  nearlv  equal  and 
considerable  depth,  not  showing  the  alternate  rise  and  mil  which  is 
seen  in  so  many  of  the  other  sets  of  impressions.  The  margins  of 
this  median  track  are  rounded  off,  and  it  is  more  rounded  at  the 
bottom.  The  lateral  tracks  are  large,  shallow,  and  faint,  as  if  they 
had  been  partially  obliterated  by  the  action  of  water ;  yet  the  prima 
can  be  still  distinctly  traced,  indicating  a  total  and  regular  breadth 
of  6  inches  across  the  whole  of  the  impressions. 

Along  another  extent  of  ripple-marked  slab,  a  narrower  median 
impression  cuts  through  the  ripple-risings  for  an  extent  of  7  feet  in 
nearly  a  straight  line.  Here  also  the  lateral  impressions  are  faintly 
indicated,  their  borders  being  rounded  off  and  as  it  were  expanded, 
showing  a  total  breadth  of  5  inches,  across  the  tracks.  As  the  sand 
appears  to  have  been  of  a  dense  siliceous  character,  the  ripplc-marka 
could  have  only  been  ploughed  through  to  the  depth  shown  by  these 
impressions,  by  a  pretty  considerable  momentum,  either  of  velocity  or 
of  weight,  occasioned  by  the  moving  animal. 

Along  a  third  extent  of  ripple-marked  surface  the  median  im- 
pressing part  of  the  moving  body  has  left  only  a  narrow  and  shallow 
impression  upon  the  summits  of  the  successive  sand-waves,  the  direc- 
tion of  the  animal  being  shown  by  that  in  which  the  sand  had  been 
pushed  into  the  intervening  valleys  of  the  ripples. 

With  these  varied  and  well-marked  evidences  of  the  number,  form, 
grouping,  and  arrangement  of  the  foot-prints  impressed  upon  the 
Potsdam  sandstone,  m  the  more  clearly  impressed  specimens,  now 
submitted,  both  in  the  original  sandstones  and  in  good  plaster-cast*,  to 
our  inspection,  we  may  readily  discern  a  general  correspondence  with 
them,  of  those  comparatively  more  confused  and  obscurely  marked 
impressions  (PI.  XIV.  A.),  the  casts  of  which  were  first  brought 
over  by  Mr.  Logan  during  the  preceding  year.  The  foot-print  oc- 
casionally occurring  on  the  inner  side  of  the  pairs  of  prints,  may  now 
be  recognized  as  answering  to  that  marked  e  in  PI.  X.,  which  forma 
the  innermost  impression  of  the  regularly  recurring  group  of  3> 
vii.  <%  c;,  c".  It  is  not,  as  I  at  first  supposed,  the  result  of  the  fore- 
leg bung  applied  to  the  ground  a  second  time,  on  the  inner  aide  of 
the  first  step,  during  a  temporary  stop  in  the  animal's  progress. 
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The  recognition  of  the  real  nature  of  this  superadded  print  also 
leads  to  the  recognition  of  the  succession  of  the  prints  in  progressive 
series  of  three  groups,  two  of  which  seem  to  consist  of  a  pair  of  prints, 
as  in  the  Protichnites  7-notattts*.  That  peculiarity  could  not,  I  be- 
lieve, have  been  recognized,  or  satisfactorily  confided  in,  without  the 
aid  and  light  of  the  analogies  furnished  by  the  more  numerous  and 
extensive,  clearer  and  better-marked,  impressions  which  have  now 
been  submitted  to  us  by  their  zealous  and  indefatigable  discoverer  and 
collector.  I  need  scarcely  say,  therefore,  that  although  the  foot-prints 
of  a  Tortoise  are  those  to  which  the  original  series  of  the  Potsdam 
sandstone  impressions  bore  the  closest  resemblance,  I  have  now  the 
conviction  that  they  were  not  made  by  a  Chelonian  reptile,  nor  by 
anyvertebrated  animal. 

The  impressions  selected  for  Plates  IX.  and  X.  clearly  demonstrate 
that  the  animal,  progressing  in  an  undulating  course,  made  at  each 
action  of  its  locomotive  members,  answering  to  the  single  step  of 
the  biped,  and  the  double  step  of  the  quadruped,  not  fewer  than, 
in  Protichnites  7-notatus,  fourteen  impressions,  seven  on  the  right 
and  seven  on  the  left ;  and  in  Protichnites  S-notatus  sixteen  im- 
pressions, eight  on  the  right  and  eight  on  the  left ;  these  seven 
and  eight  impressions  respectively  being  arranged  in  three  groups ; 
viz.  in  Protichnites  7-notatus,  3,  2,  and  2 ;  in  Protichnites  S-notatus, 
3,  2,  and  3 ;  the  groups  being  reimpressed,  in  successive  series,  so 
similarly  and  so  regularly  as  to  admit  of  no  doubt  that  they  were 
made  by  repeated  applications  of  the  same  impressing  instruments, 
capable  of  being  moved  so  far  in  advance,  as  to  clear  the  previous 
impressions  and  make  a  series  of  new  ones  at  the  same  distance  from 
them,  as  the  sets  of  impressions  in  the  series  are  from  each  other. 
What  then  was  the  nature  of  these  instruments  ?  To  this  three  replies 
may  be  given,  or  hypotheses  suggested : — they  were  made,  either, 
1st,  as  in  the  case  of  quadrupedal  impressions,  each  by  its  own  limb, 
which  would  give  seven  and  eight  pairs  of  limbs  to  the  two  species 
respectively ;  or,  2ndly,  certain  pairs  of  the  limbs  were  bifurcate,  as 
in  some  insects  and  crustaceans,  another  pair  or  other  pairs  being 
trifurcate  at  their  extremities ;  and  each  group  of  impressions  was 
made  by  a  single  so-subdivided  limb,  in  which  case  we  have  evidence 
of  a  remarkably  broad  and  short  hexapod  creature ;  or,  3rdly,  three 
pairs  of  limbs  were  bifurcate,  and  the  supplementary  pits  were  made 
by  small  superadded  limbs,  as  in  some  crustaceans ;  or,  4thly,  a  single 
broad  fin-like  member,  divided  at  its  impressing  border  into  seven  or 
into  eight  obtuse  points,  so  arranged  as  to  leave  the  definite  pattern 
described,  must  have  made  the  series  of  three  groups,  by  successive 
applications  to  the  sand. 

The  latter  hypothesis  appears  to  me  to  be  the  least  probable ;  first, 
as  being  most  remote  from  any  known  analogy,  and  secondly,  because 
there  are  occasional  varieties  m  the  groups  of  foot-prints  which  would 
hardly  accord  with  impressions  left  by  one  definitely  subdivided  in- 
strument or  member.    Thus  in  the  group  of  impressions  marked  1  X, 

*  This  will  be  seen,  on  a  comparison  of  the  original  and  entire  series  of  foot- 
prints, more  satisfactorily  than  in  the  small  portion  figured  in  Plate  XIV.  A. 
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in  PI.  IX.,  the  outer  impression,  <r\  is  single,  but  in  the  \ 
it  is  divided :  whilst  the  impressions  a,  «r,  are  confluent  in  that  set, 
and  are  separate  in  1  L.  The  same  variety  occurs  in  the  outer  pair, 
c*,  c",  in  Protichnite*  &-iiotatu*. 

Yet,  with  respect  to  the  hypothesis  that  each  impression  was  mask 
by  its  own  independent  limb,  I  confess  to  much  difficulty  in  earn* 
ceiving  how  seven  or  eight  pairs  of  jointed  limbs  could  be  aayeysed 
in  so  short  a  space  of  the  sides  of  one  animal.  80  that  I  indue  la 
adopt  as  the  most  probable  hypothesis,  that  the  creatures  which  ham 
left  these  tracks  and  impressions  on  the  most  ancient  of  known  set* 
shores  belonged  to  an  articulate  and  probably  crustaceous  genatj 
either  with  three  pairs  of  limbs  employed1  in  locomotion,  and  actuals 
divided  to  accord  with  the  number  of  prints  in  each  of  the  Uvea 
groups,  or  bifurcated  merely,  the  supplementary  and  usually  saaafier 
impressions  being  made  by  a  small  and  simple  fourth,  or  fourth  assi 
fiftn  pair  of  extremities. 

The  Limulus,  which  has  the  small  anterior  pair  of  limbs  near  the 
middle  line,  and  the  next  four  lateral  pairs  of  limbs,  bifurcate  at  the 
free  extremity,  the  last  pair  of  lateral  limbs  with  four  larifcrHtfasi 
appendages,  and  a  long  and  slender  hard  taO,  comes  the  nearest  to  mj 
idea  of  the  kind  of  animal  which  has  left  the  impressions  on  tkt 
Potsdam  sandstone*. 

The  shape  of  the  pits,  so  clearly  shown  in  the  ice-rubbed  slabs* 
impressed  by  Protichnite*  8-notatus,  accords  best  with  the  hard,  sub- 
obtuse,  and  subangular  tenninations  of  a  crustaceous  ambulatory 
limb,  such  as  may  be  seen  in  the  blunted  legs  of  a  large  Palimmrms  or 
Birgu* ;  and  it  is  evident  that  the  animal  of  the  Potsdam  sandatoaw 
moved  directly  forwards  after  the  manner  of  the  Mmcntrm  and  Xipk* 
sura,  and  not  sideways,  like  the  Brachyurous  Crustaceans. 

The  appearances  in  the  slab  impressed  by  the  ProtickmUe*  unitmn 
tatus  favour  the  view  of  the  median  track  having  been  formed  by  a 
caudal  appendage,  rather  than  by  a  prominent  part  of  the  under  sur- 
face of  the  trunk. 

What  further  conjectures  the  contemplation  and  comparison  of  the 
several  series  of  foot-prints  from  the  Potsdam  sandstone  have  ^r1^ 
in  my  mind,  I  do  not  deem  it  very  helpful  to  their  full  nnrtrrataniBsax 
at  present  to  record. 

The  imagination  is  baffled  in  the  attempt  to  reahse  the  exteatt  of 
time  past  since  the  period  when  the  creatures  were  in  being  tatat 
moved  upon  the  sandy  shores  of  that  most  ancient  Silurian  sea ;  mad 
we  know  that,  with  the  exception  of  the  microscopic  forms  of  hfo,  al 
the  actual  species  of  animals  came  into  being  at  a  period  geologically 
very  recent  in  comparison  with  the  Silurian  epoch. 

The  deviations  from  the  living  exemplars  of  animal  types  usually 
become  greater  as  we  descend  into  the  depths  of  time  past ;  of  this  this 
Plesiosaur  and  Ichthyosaur  are  instances  in  the  reptilian  class,  nasi 
the  Ptericktkf**  Coccottnu,  and  CephobupU  in  that  of  fishes.  If 
the  Vertebrate  type  has  undergone  such  inconceivable  mom'ficatiosai 

*  [This  paragraph  was  Added  whflM  the  paper  wtt  being  prepared  far  tat  f*tm 

May  13, 1862.— R.O.] 
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during  the  Secondary  and  Devonian  periods,  what  may  not  have  been 
the  modifications  of  the  Articulate  type  during  a  period  probably 
more  remote  from  the  Secondary  period  than  this  is  from  the  present 
time !  In  all  probability  no  living  form  of  animal  bears  such  a  re* 
semblance  to  that  which  the  Potsdam  foot-prints  indicate,  as  to  afford 
an  exact  illustration  of  the  shape  and  number  of  the  instruments  and 
of  the  mode  of  locomotion  of  the  Silurian  Protichnites. 

These  most  precious  evidences  of  animal  life,  locomotive  on  land,  of 
the  oldest  known  sedimentary  and  unmetamorphosed  deposits  on  this 
planet,  have  been,  I  am  well  aware,  far  too  inadequately  described  in 
the  paper  which  I  have  had  the  honour  to  submit  to  the  Society. 
They  offer  characters  which  require  more  time  for  their  due  scrutiny 
and  greater  acumen  and  powers  of  interpretation  than  have  hitherto 
been  bestowed  upon  them.  The  symbols  themselves  are  distinct 
enough.  Old  Nature  speaks  as  plainly  as  she  can  do  by  them ;  and 
if  we  do  not  fully  thereby  react  her  meaning,  the  fault  is  in  our 
powers  of  interpretation.  In  the  present  attempt  I  can,  however, 
truly  aver,  that  I  have  bestowed  upon  it  all  the  leisure  at  my  com- 
mand, and  have  applied  my  best  abilities  in  the  endeavour  to  fulfil 
my  obligations  to  their  discoverer,  and  to  satisfy  the  generally  ex- 
pressed wishes  of  the  Society. 


April  7,  1852. 

Lieut.  Julius  Roberts,  R.M.A.,  and  the  Hon.  D.  F.  Fortescue 
were  elected  Fellows. 

The  following  communications  were  read : — 

1.  On  some  of  the  Effects  of  the  Holm  firth  Flood* 
By  Joseph  Prestwich,  Jun.,  Esq.,  F.6.S. 

The  broad  tract  of  hilly  country,  which  stretches  north  and  south  on 
the  borders  of  Lancashire  and  Yorkshire,  rises,  in  some  places  between 
Manchester  and  Huddersfield,  to  the  height  of  nearly  2000  feet. 
The  central  ridge  is  here  composed  of  the  Millstone  Grit  Series,  the  ele- 
vated surfaces  of  which  form  extensive  barren  moors,  and  from  which, 
owing  to  their  lithological  character  and  the  large  fall  of  rain,  the  sur- 
face-drainage is  very  considerable.  On  its  eastern  slope,  the  water  is 
carried  off  by  numerous  small  streams,  falling  into  the  various  tribu- 
taries of  the  Humber.  Their  usual  course  is  through  narrow  and 
picturesque  valleys,  which  penetrate  deep  into  the  hills;  amongst 
them  is  that  of  the  Holme,  which  commences  in  the  central  range  of 
hills,  winds  for  nine  miles  east  and  north,  and  then  ioins  the  valley 
of  the  Colne  at  Huddersfield :  it  is  well-wooded,  and  the  scenery  is 
generally  bold  and  fine.  At  a  short  distance  from  the  top  of  the 
valley,  the  Holme  is  joined  by  the  Digley  streamlet ;  the  latter,  how- 
ever, being  apparently  the  main  stream,  and  draining,  according  to 
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Capt.  Moody,  about  1920  acres  of  surface.  It  at  first  flows  throng* 
a  narrow  and  uncultivated  ravine,  which,  three  miles  above  the  ssssu 
town  of  Holmfirth,  opens  out  into  a  narrow  valley.  This  valley  mm 
always  been  subject  to  occasional  floods,  arising,  however,  frsc 
natural  causes  :  one  of  the  most  disastrous  occurred  in  1777-  Thr 
bottom  of  the  valley  shows  beneath  the  turf  an  accumulation,  serai 
feet  thick,  of  local  gravel  and  rolled  fragments  of  rocks.  In  snot 
places  debris  of  this  description  overlies  2  to  3  feet  of  imperfect  peaty 
matter,  which  again  appears  to  repose  on  similar  detrital  aocomsav 
tions.  This  drift,  however,  is  much  water-worn,  and  does  not  see* 
to  contain  any  masses  of  rock  at  all  approaching  to  the  dimr  unions  d 
those  transported  by  the  late  flood. 

The  following  outline  map  shows  the  course  of  the  stream  said  tat 
situation  of  the  principal  places  referred  to. 

Fig.  1 . — Course  of  the  River  Holme  and  DigUy  Stremmu 


Fig.  2.— (See  p.  229.) 

Between  1840  and  1844,  an  embankment  96  feet  high  (but  whka 
afterwards  subsided  to  87  feet),  about  480  feet  wide  at  base,  16  feet 
at  \u\\  and  ,140  feet  in  length,  was  thrown  across  the  valley  of  the 
DigW,  three  miles  above  Holmfirth.  By  this  means  an  artificial  lake, 
known  m  the  Bilberry  Reservoir,  about  a  quarter  of  a  mile  loo*> 
300  to  400  feet  broad,  with  a  surface  of  rather  more  than  1 1  acres, 
and  in  the  centre  from  70  to  80  feet  deep,  was  formed.  It  was  cal- 
culated that,  when  full,  this  reservoir  held  86,248,000  gallons  of 
wati  r.  Thr  dam  was  constructed  of  a  wall  of  clay-puddle,  8  feet  wide 
at  tnpt  nnd  1  it  feet  at  bottom,  with  a  mass  of  the  debris  of  the  valley, 
consisting  of  earth  and  stones,  on  either  side.  The  inner  slope  was 
paved  with  squared  stone,  and  had  a  base  3  to  1  ;  the  outer  slope,  a 
base  of  2  to  1. 

On  the  night  of  the  4th  of  February  last,  the  giving  way  of  tha 
embankment  caused  the  sad  catastrophe,  of  which  the  papers  haw  so 
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recently  given  an  account.  The  object  of  the  present  communication 
is  merely  to  notice  briefly  a  few  facts  bearing  upon  the  geological 
question,  and  having  reference  to  the  transporting  power  of  water. 

The  portion  of  the  embankment  destroyed  extends  to  its  full  depth, 
and  forms  a  gap  about  140  feet  in  width  at  top,  and  25  feet  at  bottom. 
The  weight  of  the  materials  thus  swept  away,  and  scattered  in  gradually 
decreasing  quantity  for  a  distance  of  half  a  mile,  cannot  be  much  less 
than  40,000  to  50,000  tons.  A  large  proportion,  however,  is  de- 
posited within  the  first  300  feet.  At  this  point  a  stone-built  mill, 
two  storeys  high,  was  situated  :  all  that  portion  of  it  in  the  way  of 
the  flood-stream  was  at  once  swept  down,  and  the  site  covered  with 
6  to  10  feet  of  debris.  As  far  as  this  the  valley  is  very  narrow,  and 
the  action  of  the  water  on  the  slopes  on  its  side  tore  up  the  surface 
to  a  depth  of  10  to  20  feet  (forming  a  small  cliff-like  bank  where  it 
had  been  a  slope  previously,  see  fig.  2),  and  carrying  away  large 
masses  of  rock  to  considerable  distances.  It  is  to  be  observed,  how- 
ever, that  the  first  rush  of  the  waters  out  of  the  reservoir  excavated 
a  circularpool  in  the  old  water-channel  at  the  foot  of  the  embank- 
ment. The  rock  in  this  pass  has  a  dip  of  about  5°  nearly  in  a 
direction  down  the  valley,  and  consists  of  a  pebbly  quartzose  conglo- 
merate, of  a  character  easily  recognised. 

Just  below  the  mill  the  valley  opens  out  from  a  breadth  of  30  to 
50  yards  to  that  of  100  to  200  yards,  and  the  force  of  the  flood 
became  necessarily  much  diminished ;  still  the  meadows  extending 
from  this  point  to  Digley  are  almost  entirely  covered  to  a  depth  of 
from  1  to  2  feet,  with  masses  of  rock  mixed  with  sand  and  gravel, 
derived  from  the  embankment  and  the  sides  of  the  pass  above-me> 
tioned.  The  bulk  of  the  debris  scattered  over  the  valley  consists  of 
angular  fragments  of  rock  not  exceeding  1  or  2  feet  in  diameter  ;  but 
amongst  them  a  few  large  rough  blocks  stand  out  in  prominent  relief. 
As  the  portion  of  the  outcrop  of  the  rock  exposed  to  the  action  of 
the  torrent  was  not  large,  the  sides  of  the  valley  being  much  covered 
with  debris,  these  larger  masses  are  not  numerous.  There  are  four 
which  particularly  attract  attention.  One  of  these,  a  block  measuring 
7  feet  in  extreme  length  by  5  feet  in  breadth,  and  2\  feet  in  depth,  and 
weighing  probably  from  5  to  6  tons,  has  been  transported  a  distance 
of  about  half  a  mile,  and  now  lies  in  the  valley  near  Digley  Mill. 
There  is  near  it  another  mass  of  about  the  same  size.  A  third  block, 
rather  nearer  the  reservoir,  measures  12  feet  by  and  2  feet  deep, 
and  may  weigh  7  or  8  tons.  The  most  remarkable  block,  however, 
lies  in  the  middle  of  the  valley,  near  Upper  Digley  Mill,  and  at  a  di- 
stance of  a  third  of  a  mile  from  the  parent  rock  ;  it  is  22  feet  long, 
6  feet  broad,  and  3|  feet  thick,  and  probably  weighs  about  20  tons. 

Although  the  greater  part  of  this  portion  of  the  valley  is  covered 
with  debris,  there  are  places  where  its  surface  has  been  torn  up  to 
the  depth  of  from  4  to  5  feet.  This  also  occasionally  occurs  in  other 
places  lower  down  the  valley,  but  generally  the  centre  of  the  valley 
has  been  covered  with  debris,  which  the  denudation  of  the  banks  in 
the  narrower  passes  has  furnished.  In  the  middle  of  the  open  part 
of  the  valley,  above  Upper  Digley  Mill,  an  old  oak-tree  still  stands, 
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notwithstanding  the  many  hard  blows  it  received,  and  of  which  the 
marks  remain  on  the  bark.  In  fact,  all  down  the  Taller,  trees,  chiefly 
ash,  have  stood,  where  buildings  have  given  way.  It  is  also  to  k 
observed  that,  although  many  have  been  uprooted,  lew  have  beta 
broken  down.  These  results  probably  are  due  to  the  hraarhii 
having  been  in  most  cases  above  the  reach  of  the  flood,  and  to  tit 
absence  of  foliage. 

At  Digley  Mill,  the  valley  contracts  to  a  width  generally  not  mai 
more  than  sufficient  for  the  passage  of  the  stream,  and  continues  at 
for  nearly  a  third  of  a  mile.  The  mill,  which  was  a  substantial  stone- 
building,  four  storeys  high,  stood  at  the  entrance  of  this  pass,  and  at 
the  other  end  of  it,  but  rather  on  one  side,  was  Bank  End  M3L 
The  flood  swept  the  first  mill  entirely  away,  with  the  exception  of  the 
tall  massive  square  chimney,  which  remains  almost  uninjured ;  whilst 
the  last-namea  mill  is  cut  in  two,  the  remaining  half  presenting  a 
clean  open  section.  The  ruins  of  these  mills  and  the  debris  dtiiiid 
from  the  denudation  of  the  sloping  banks  of  the  pass  are  thkkJv 
scattered  for  a  distance  of  half  a  mile  along  the  valley  where  it  agaia 
expands  above  Holme  Bridge.  The  church  of  this  village  stands 
in  the  valley,  which  is  here  700  to  800  feet  wide.  One  of  the  atone 
posts  placed  at  the  entrance  of  the  church-yard  was  broken  in  tw% 
aud  one  part,  6±  feet  long  by  1|  foot  square,  I  found  at  a  distance  of 
150  yards  lower  down  the  valley.  All  the  slabs  on  the  tombs  were 
removed  to  distances  of  from  50  to  200  yards ;  and  this  occurred 
where  the  waters  having  spread  out  had  lost  much  of  their  force.  Afl 
down  this  part  of  the  valley,  as  far  as  Holmfirth,  a  distance  of  2| 
miles  from  Digley  Mill,  are  found  pieces  of  a  peculiar  dark-grey 
micaceous  flagstone,  6  to  12  inches  in  length  and  2  to  3  inches 
thick,  both  in  a  rough  state  and  in  squared  blocks  used  for  building. 
This  bed  crops  out  close  by  the  above-named  mill,  and  was  used  m 
its  construction.  The  rocks  in  this  second  pass  consist  of  grits  and 
sandstones. 

At  Hinchliffe  Mill,  between  Holme  Bridge  and  Holmfirth,  the 
valley  is  again  contracted,  and  at  this  point  a  row  of  six  small 
stone  houses  was  entirely  swept  away.  The  height  to  which  the 
water  rose  above  its  orainary  level  was  here  26  feet.  Below  thai 
the  valley  again  becomes  wider,  and  presents  for  a  distance  of  1|  nule 
a  surface  covered  with  wreck,  but  to  a  less  extent  than  higher  up. 
The  walls  and  fences  are  levelled,  and  some  houses  swept  away ;  bat 
the  five  or  six  mills  have  sustained  comparatively  little  damage.  The 
fields  are  covered  with  gravel  and  fragments  of  rock,  but  none  of  the 
fragments  are  of  a  very  large  sue ;  a  few  only  may  be  1  to  2  tons  m 
weight.  In  Holmfirth,  at  which  we  next  arrive,  the  bridges  were 
dismantled,  and  several  buildings  levelled  to  the  ground  or  partly 
destroyed ;  but  most  of  the  debris  remains  in  strv.  In  the  church- 
yard, which  stands  rather  above  the  river,  some  large  flagstooes  were 
however  removed  to  a  distance  of  from  50  to  100  Yards  down  the 
stream. 

Below  this  spot  the  effects  of  the  flood  are  less  marked.  8tone 
walls  have  been  thrown  down,  some  small  buildings  and  bridges  de- 
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strayed,  and  no  inconsiderable  injury  otherwise  done  ;  whilst  the 
fields,  that  were  overflowed,  are  covered  in  places  by  sand  and  gravel, 
which,  however,  gradually  decreases  in  quantity  and  becomes  finer. 
The  last  strong  action  of  the  flood  is  exhibited  at  Berry  Brow,  within 
two  miles  of  Huddersfield.  The  stone  walls  of  the  churchyard,  which 
is  situated  in  the  valley,  have,  on  the  two  sides  transverse  to  the 
valley,  been  thrown  down,  and  the  stoneB  carried  a  distance  of  100 
to  150  feet.  Near  Huddersfield  the  waters  rose  6  to  8  feet,  but, 
beyond  covering  some  of  the  meadows  with  sand,  they  did  no  material 
damage. 

The  large  iron  boilers  of  various  mills  destroyed  in  the  course  of 
the  stream  were  carried  to  considerable  distances  by  the  flood.  That 
at  Digley  Mill,  which  weighed  10  to  12  tons,  was  found  more  than  a 
mile  lower  down  the  valley.  At  Smithey's  Place,  two  miles  below 
Holmfirth,  an  equally  large  boiler  was  swept  away,  and  now  lies  in 
the  bed  of  the  river  at  Berry  Brow. 

Notwithstanding  the  force  and  violence  of  the  torrent,  fishes,  with 
which  the  reservoir  was  well  stocked,  were  transported  a  long  way 
comparatively  uninjured;  many  were  picked  up  around  Holmfirth 
in  a  state  perfectly  fit  for  use.  I  could  find  no  snells  or  fragments  of 
shells  in  the  transported  gravel  or  sand ;  neither  did  I  observe  any 
in  the  bed  of  the  reservoir. 

The  fragments  of  rock  show  but  little  or  no  water-wear.  They  are 
chipped,  much  broken,  and  angular. 

Of  the  slope  of  the  valley  I  cannot  speak.  Between  the  Reservoir 
and  Holmfirth,  judging  from  the  number  of  mills,  the  descent  must 
be  considerable.  The  passage  of  the  flood-waters  down  to  Holmfirth 
is  said  to  have  been  effected  in  a  auarter  of  an  hour,  and  in  an  hour 
the  waters  had  retired.  The  main  fall  of  the  flood  was,  however,  almost 
as  rapid  as  the  rise.  In  some  of  the  descriptions  of  this  catastrophe, 
it  is  said  that  the  debris  of  the  embankment  was  carried  down  the 
valley  to  a  distance  of  three  miles,  but  this,  owing  to  the  structure  of 
the  valley,  appears  to  me  to  be  questionable ;  for,  as  before  mentioned, 
the  valley  consists  of  open  flats  and  narrow  passes,  and  it  is  in  these 
latter  that  the  force  of  the  flood  has  been  especially  felt.  This  is 
particularly  apparent  in  that  part  of  the  valley  which  is  only  20  to 
30  yards  wide,  just  below  Digley  Mill.  The  diagram,  fig.  2,  p.  226, 
shows  generally  the  form  of  the  excavation  effected  at  the  base  of  these 
passes :  c  marks  the  position  and  usual  highest  level  of  the  stream ; 
a  represents  the  sloping  surface,  to  a  height  of  10  to  20  feet  above 
the  stream,  as  it  existed  before  the  flood ;  b  indicates  by  a  dotted 
line  the  surface  as  it  now  exists  after  the  flood.  In  these  parts  of 
their  course  the  waters  rose  from  20  to  30  feet.  Field-walls,  houses, 
mills,  and  bridges,  in  these  narrower  places,  were  swept  away  with 
irresistible  force,  and  many  hundred  tons  of  debris  scattered  over  the 
valley. 

But  it  seems  to  me  that  the  debris  has  in  almost  every  case  been 
deposited,  as  might  be  expected,  in  the  more  open  space  succeeding 
each  pass ;  and  were  the  trail  of  debris  gradually  diminishes.  At  the 
passes,  the  waters,  being  again  pent  up,  have  torn  up  fresh  materials 


230 


PROCEEDINGS  OP  THE  GEOLOGICAL  SOCIETY. 


and  transported  them  to  the  next  open  space.  This  is  repeated  a 
gradually  decreasing  force  nearly  all  the  way  to  Huddersfiela. 

It  would  be  very  desirable,  wnile  the  effects  of  the  Holmfirth  flood 
are  still  recent,  that  exact  measurements  should  be  made  of  the  wkfea 
of  the  valley  in  its  different  parts,  of  the  fall  of  the  ground  from  tat 
reservoir  to  the  junction  of  the  Holme  with  the  Colne,  of  the  hark 
to  which  the  water  rose  in  various  parts  of  the  flood-stream,  of  tat 
time  taken  for  the  water  to  rise  and  run  off,  &c,  so  that  the  velocity 
and  power  of  the  flood  might  be  determined,  and  its  results  more  ac- 
curately recorded.  For  if  such  are  the  remarkable  effects  of  a  teav 
porary  flood  caused  by  a  body  of  water  comparatively  so  small,  aad 
along  a  valley  where  its  power  could  not  be  maintained,  we  may  fora 
some  conception  of  the  enormous  power  which  a  more  oontmnoai 
flood,  with  more  sustained  action,  would  possess* 


2.  On  the  Salt- range  of  the  Punjaub.    By  Dr.  A.  Flzmijvg. 
[Communicated  by  Sir  R.  I.  Mnrchiton.] 


3.  On  the  Geology  of  the  Neighbourhood  of  Rot  ah,  Dxccaiv- 
By  Dr.  Thomas  L.  Bell. 


The  village  of  Kotah*  is  situated  on  a  plain,  on  the  left  bank  of  the 
Pranheetah  River,  twelve  miles  above  its  junction  with  the  Godmverr, 
in  latitude  18°  51'  N.,  and  longitude  80°  2'  E. 

This  is  the  locality  selected  by  the  late  Dr.  Walker  for  the  experi- 
ment of  boring  for  coal,  and  from  whence  the  specimens  of  tots! 
Fish  (Lepidotus  Deccaneneis)  were  obtained  that  were  figured  and 
described  in  Quart.  Journ.  Geol.  Soc.  vol.  vii.  p.  272,  PI.  XV.  The 
"  Station,"  where  the  bore  was  made,  is  situated  on  the  bank  of  the 
river,  about  half  a  mile  to  the  N.N.W.  of  the  village. 

To  the  westward  the  country  (after  crossing  the  river)  is  slightly 
undulating,  as  far  as  the  town  of  Chinnoor,  distant  twenty  miles ;  to 
the  east  the  plain  is  bounded  by  an  abrupt  ridge  of  hills,  distant  fife 
mill'*,  uliicl]  also,  in  consequence  of  their  north-west  and  south-east 
direction,  bound  the  plain  to  the  north  ;  on  the  south  the  country  ii 
open  a»d  flat. 

On  examining  the  surface,  proceeding  from  Chinnoor  towards 
Kouh,  whit  Ii  lies  nearly  due  east,  the  road  is  observed  to  pass  over 
MimUone  t  *r  four  miles;  which,  about  half  a  mile  from  the  river 


Godnven ,  ceases,  and  changes  to  the  "black  regar"  or  "cotton 


*  Thf  tow  n  of  Kotah,  on  the  Chumbul  River,  is  situated  about  450  geogiapfcia) 


[The  publication  of  this  paper  it  deferred.] 
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soil*  ;"  this  continues  for  about  three  miles  and  disappears  as  the 
road  leaves  the  river,  the  sandstone  again  becoming  visible,  which  is 
continued  without  interruption  until  we  approach  the  Pranheetah  at 
Annawarrura,  distant  one  mile  from  it,  where  the  "  black  regar  "  allu- 
vium is  again  entered  upon,  and  ends  by  forming  the  nearly  perpen- 
dicular right  bank  of  the  river.  The  bed  of  the  river  measures  666  yards 
in  breadth,  with  a  bottom  of  fine  white  quartzose  sand ;  the  breadth  of 
stream  varies  with  the  season,  at  present  (June  1 7)  it  is  narrower  than 
at  any  other  period  of  the  year,  and  measures  only  50  yards,  with  an 
average  depth  of  3  feet.  Punning  this  superficial  examination  in 
the  same  line,  the  "  black  regar "  is  found  to  form  the  left  bank, 
which  is  43  feet  in  height,  and  then  to  pass  easterly  for  nearly  a  mile ; 
when  it  is  gradually  lost,  its  place  being  supplied  by  sand,  pebbles, 
and  quartzose  conglomerate,  the  debris  of  the  adjacent  hills. 

The  hill  which  limits  the  plain  to  the  east  is  one  of  the  chain  ex- 
tending from  Budrachellum  ;  it  has  a  N.W.  and  S.E.  direction,  and 
is  478  feet  high  above  the  level  of  the  plain ;  its  top  is  flat  and 
covered  with  fragments  of  quartz-conglomerate  (with  a  ferruginous 
cement)  and  iron-ore  of  various  degrees  of  richness,  from  the  yellow- 
ish brown  spheroidal  masses  of  clay-iron-stone,  containing  35  per  cent, 
of  iron,  to  the  red  oxide,  containing  upwards  of  70  per  cent.  The 
aides  and  base  are  likewise  covered  with  the  same. 

This  hill  is  composed  of  unstratified  red  sandstone,  which  at  places 
becomes  ferruginous,  the  oxide  of  iron  forming  layers  from  2  to 
4  inches  thick ;  where  this  occurs  the  rock  is  less  susceptible  of 
atmospheric  influence,  and  is  not  worn  to  the  same  extent  as  the 
surface  generally,  and  the  frequent  projecting  of  these  indurated  por- 
tions gives  it  the  appearance  of  being  intersected  by  a  number  of  septa. 

Commencing  from  the  most  northerly  point  to  which  my  observa- 
tions have  extended  (Chicala,  at  a  distance  of  twelve  miles  from 
Kotah),  and  proceeding  southerly  by  the  left  bank  of  the  river,  three 
ridges  of  hills  present  themselves,  of  the  same  lithological  characters 
as  the  one  already  described.  These  ridges  are  separated  from  each 
other  by  plains  of  the  "black  regar"  alluvium.  They  have  a  N.W. 
and  S.E.  direction,  are  flat  at  the  top,  and  terminate  their  northerly 
course  at  the  river  in  escarpments  of  various  heights.  On  approach- 
ing the  "  Station,"  and  200  yards  from  it,  we  come  upon  another 
sandstone-rock  of  a  very  different  character,  inasmuch  as  we  find 
distinct  marks  of  stratification  and  no  septa  of  iron-ore.  The  rock 
is  36  feet  high,  and  ascends  perpendicularly  from  the  water  (which 
is  here  14  feet  deep)  ;  its  strike  is  E.N.E.  with  a  dip  of  10°  to  the 
N.N.W. ;  its  surface  is  bare  only  to  a  small  extent,  being  for  the 
most  part  covered  with  alluvium  of  "  black  regar,"  which  is  level 
with  its  highest  point.  The  strata  of  this  rock  are  made  up  of  a 
number  of  thin  layers  arranged  diagonally,  separated  from  each  other 
by  coloured  lines  ;  these  thin  layers  are  composed  of  round  grains  of 
white  quartz  :  between  the  strata  is  found  a  layer  of  conglomerate  of 
quartz-pebbles.  A  few  yards  lower  down  the  river,  the  outcropping 
of  laminated  sandstone,  alternating  with  clay,  is  observed,  with  a 
similar  strike  and  dip  as  the  rock  above  ;  between  these  outcroppings 

*  A  black  alluvial  earth,  supposed  to  result  from  the  decomposition  of  trap. 
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and  the  position  of  the  bore-hole  the  surface  is  covered  with  a  tough 
black  mud.  Proceeding  south  of  the  "  Station,"  and  a  hundred  jar* 
from  the  bore-hole,  is  a  confused  heap  of  argillaceous  limestone,  ex- 
tending down  the  bank  of  the  river  for  150  yards ;  the  layers  of  thai 
rock  vary  in  thickness  from  the  one-eighth  of  an  inch  to  a  loot,  sad 
are  frequently  separated  from  each  other  by  seams  of  fibrous  carbonate 
of  lime  ;  the  thickest  masses  of  this  rock  (weathered)  exhibit  crack- 
casts.  Two  miles  lower  down  the  river  the  sandstone  is  again  visible; 
presenting  the  same  stratified  character  as  the  rock  situated  200  yards 
north  of  the  "  Station."  The  sandstone  in  this  direction  extends  ta 
Bagartepett,  fifty  miles  on  the  road  to  Warungul,  but  is  not  stratified. 

At  the  "  Station  "  the  boring  carried  on  in  search  for  coal  exhibited 
the  following  results.  The  alluvium  is  59  feet  deep  at  the  bank  of 
the  river  ;  but  it  gradually  diminishes  in  depth,  and  is  altogether  lest 
a  mile  from  the  river.  Beneath  this  is  a  layer  of  blue  clay,  1  foot 
thick.  This  is  succeeded  by  a  bed  of  argillaceous  limestone :  this  ■ 
seen  to  outcrop  in  the  bed  of  a  nullah  about  a  mile  from  the  river  ia 
a  S.W.  direction  ;  it  is  9  feet  1  inch  in  thickness,  and  is  oceasjoaaDv 
fibrous.  Under  this  is  a  very  thin  layer  of  bituminous  shale  *,  whiea 
burns  with  a  yellow  flame,  emitting  a  strong  odour,  and  leaving  a 
large  residue  of  white  ashes:  the  thickness  of  this  bed  is  about  three- 
quarters  of  an  inch.  It  is  superimposed  upon  a  second  stratum  of 
limestone,  1  foot  thick.  Below  this  we  have  another  layer  of  shale, 
4  inches  deep ;  followed  by  a  layer  of  impure  limestone  and  bine 
clay-rock,  8  inches  thick,  and  a  bed  of  bituminous  shale  2  feet 
1  inch.  Then  a  recurrence  of  impure  limestone,  1  foot  9  inches, 
resting  upon  sandstone  and  blue  clay  8}  inches  in  depth;  these  cover 
another  layer  of  bituminous  shale,  1  foot  1  inch  thick,  which  k 
separated  from  another  layer,  1  foot  3}  inches  thick,  by  1  inch  of 
fibrous  carbonate  of  lime.  Limestone,  5  feet  3J  inches  thick,  was 
next  cut  through,  and  found  to  rest  upon  black  sandy  day,  3  feet 
in  thickness,  6  inches  of  which  were  pierced  previous  to  suspend- 
ing the  work.  So  that  we  have  the  following  deposits  succeeding 
each  other  from  above  downwards : — 

AUuvium of " black regar"(" Cotton soU ")....„   1ft  t 

Blue  clay   1  • 

Argillaceous  limestone   9  1 

Bituminous  shale    0  tf 

Argillaceous  limestone    1  0 

Bituminous  shale   —   0  4 

Fibrous  carbonate  of  lime,  impure  limestone,  and  blue  day-rock.  0  S 

Bituminous  shsle    2  1 

Impure  limestone    1  9 

Laminated  sandstone,  blue  day,  and  shale   S  Of 

nous  shale    1  *6 

i  carbonate  of  lime   0  1 

nous  shale    1  5} 

Injure  limestone   ft  Si 

UUei  clay  containing  sand   3  6 

43  m 

*  Onr  specimen  of  black  shale  forwarded  by  Dr.  Bed,  and  marked  as  belonging 

to  thai  team,  bears  ash-remains. 
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There  appears  to  be  no  decided  evidence  of  the  existence  of  a  coal- 
deposit  at  tins  spot,— the  fossils  being  so  very  scarce.  The  vegetable 
impressions  on  the  shale  are  too  obscure  for  determination,  and  it  is 
to  be  regretted  that  the  fossils  are  so  few  and  imperfect.  There  is 
only  one  spot  from  whence  they  can  be  obtained,  and  almost  every 
stone  had  been  examined  before  my  arrival.  Such,  however,  as  were 
collected  accompany  this  memoir*. 

A  waterworn  fragment  of  rock,  accompanying  this  communication, 
but  not  referred  to  m  Dr.  Bell's  list  of  specimens,  presented  evidence 
of  its  containing  Crocodilian  remains.  These  have  been  carefully  ex- 
posed by  the  chisel,  under  Col.  Sykes's  superintendence,  and  the 
specimen  has  been  examined  by  Prof.  Bell  and  Prof.  Owen,  the 
latter  of  whom  has  kindly  furnished  the  accompanying  note. 


Note  on  the  Crocodilian  Remains  accompanying  Dr.  T.  L.  Bell's 
Paper  on  Kotah.    By  Prof.  Owen,  F.R.S.,  G.S. 

The  Crocodilian  fossil  consists  of  a  mass  of  dermal  scutes,  with  a 
femur  and  some  fragments  of  other  bones,  firmly  cemented  together 
by  the  matrix.  The  scutes  are  for  the  most  part  quadrate, — some 
square,  others  oblong;  they  have  numerous  well-denned  and  rather 
small  hemispherical  pits  upon  their  outer  surface,  which  is  flat  and 
without  any  carinal  elevation.  In  this  respect  they  differ  from  the 
dermal  scutes  of  the  existing  Gavial,  in  which  the  pits  are  relatively 
larger,  more  frequently  confluent,  and  the  middle  of  the  pitted  sur- 
face is  in  most  of  the  scutes  raised  into  a  keel. 

The  characters  of  the  scutes,  as  well  as  the  length  and  slenderness 
of  the  femur,  in  the  fossil,  agree  more  with  those  of  the  Teleosauru* 
and  Amphiccelian  Crocodiles  than  with  the  existing  Gavials. 


April  21,  1852. 

Charles  Twamley,  Esq.,  Adam  Murray,  Esq.,  and  M.  W.  P. 
Scott,  Esq.,  were  elected  Fellows. 

The  following  communications  were  read : — 

1.  Notice  of  the  Occurrence  of  an  Earthquake  Shock  at 
Bristol.   By  Fort-Major  Thomas  Austin,  F.G.S. 

[In  a  Letter  to  the  President.] 

As  some  particulars  relating  to  the  shock  of  an  earthquake  which 
occurred  on  Saturday  the  3rd  of  April  in  this  district  may  not  he 

*  The  specimens  of  shale  here  referred  to  accompany  the  series  of  specimens 
fltastratfre  of  the  "  Section  "  and  of  the  rocks  in  the  neighbourhood  of  Kotah. 
They  contain  fragmentary  remains  of  the  Lepidotui  Deccanensti,  and  amongst 
them  are  fragments  exhibiting  parts  of  the  head  and  tail  of  that  fish.  Unfortunately, 
however,  the  indications  are  too  obscure  for  the  purposes  of  illustration. 
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wholly  uninteresting  to  the  Fellows  of  the  Geological  Society,  I  4* 
not  hesitate  to  submit  to  your  notice  such  facts  in  connexion  with  thr 
subject  as  I  have  been  enabled  to  collect  from  unquestionable  aumia 
of  information. 

The  area  principally  affected  comprises  that  portion  of  cumitri 
extending  from  the  Mendip  Hills  to  Bristol,  and  the  village  of  Heav 
bury  in  Gloucestershire  to  the  north, and  probably  on  to  the  Sclera ; 
and  from  the  Mendips  to  the  Bristol  Channel  on  the  west. 

The  geological  features  of  this  district  consist  of  old  red  sasai- 
stone,  carboniferous  limestone,  millstone  grit,  coal-measures,  dolomkkt 
conglomerate,  new  red  sandstone,  lias,  and  oolite,  with  alluvial 
of  some  extent. 

The  principal  line  of  disturbance  appears  to  hare  been  nearly  rarta 
and  south,  running  through  the  southern  edge  of  the  Mendipe,  tar 
city  of  Wells,  Cheddar,  Pensford,  and  Dundry,  in  Somersetshire ; 
Bristol,  Westbury  upon  Trym,  and  Henbury  in  Gloucestershire. 
The  chief  focus  of  oscillation  was  at  Cheddar,  where  the  hill  is  said 
to  have  waved  to  and  fro  during  several  seconds ;  and  in  the  allirrial 
flat  or  marsh  below  Cheddar,  some  houses  had  the  plaster  of  tW 
ceilings  cracked,  while  in  other  houses  the  clocks  struck,  bells  rang,  Ac 

At  Dundry,  an  elevated  ridge  of  inferior  oolite,  about  five  miles 
south  of  Bristol,  the  shock  was  sufficiently  strong  to  slam  doors,  mad 
to  rattle  the  glass  and  china  on  the  shelves,  and  even,  in  some  xsv 
stances,  to  cause  apprehension  that  the  chimneys  would  fall. 

In  Bristol  and  its  more  immediate  vicinity,  namely  Clifton,  Go- 
tham, and  Kingsdown,  the  shock  was  of  still  less  intensity,  but  ataB 
sufficient  to  shake  the  houses  and  alarm  the  inhabitants.  Some  of 
the  persons  who  experienced  the  shock  describe  it  as  an  oscillatory 
motion  of  a  few  seconds'  duration,  while  others  represent  it  as  re- 
sembling the  sensation  that  would  be  felt  if  a  heavy  body  fell  to  the 
ground,  and  by  the  collision  produced  a  momentary  vibration.  Others 
experienced  an  unusual  sensation  not  easily  described.  The  time  at 
which  the  shock  was  felt  was  about  a  quarter  before  six  o'clock  a.m., 
on  the  3rd  of  April. 

Some  slight  effects  are  said  to  have  been  perceptible  at  thirty 
miles  distance  from  the  localities  enumerated,  but  this  I  have  not 
been  enabled  to  authenticate,  though  in  all  probability  such  may  have 
been  the  fact. 

No  serious  damage  has  occurred,  but  considerable  alarm  was  cre- 
ated by  the  unexpected  shaking  of  houses,  &c.  The  period  of  oscil- 
lation did  not  exceed  ten  or  twelve  seconds,  and  the  movement  m 
represented  as  being  accompanied  by  a  low  rumbling  sound. 

Two  shocks  are  reported  as  having  taken  place  on  Saturday, 
April  3rd,  the  first  at  about  three  o'clock  a.m.,  and  which  lasted 
only  two  seconds ;  but  the  second,  which  occurred  at  a  quarter  before 
six  o'clock  a.m.,  was  of  longer  duration  and  more  decided  character. 
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2.  On  the  Structure  of  the  Strata  between  the  London  Clay 
and  the  Chalk  in  the  London  and  Hampshire  Tertiary 
Systems.    By  Joseph  Prestwich,  Jun.,  Esq.,  F.6.S. 

Part  III.*— The  Thanet  Sands. 
[Plates  XV.  XVI.] 

(Part  II.  is  deferred  until  a  later  period  for  reasons  assigued  in  the  subjoined  note.) 

The  first  part  of  this  paper,  containing  a  description  of  that  portion 
of  the  Lower Tertiaries  immediately  under  the  London  clay,  ana  which 
I  termed  the  "Basement  Bed  of  the  London  Clay,"  was  read  before 
the  Society  in  January  1850f.    On  that  occasion  my  object  was  to 
show,  that  over  the  whole  of  the  south  of  England  tertiary  area,  a 
stratum  forming  a  distinct  and  constant  geological  horizon  clearly 
separated  the  London  clay  from  the  group  of  strata  beneath  it.  The 
variable  and  interesting  set  of  deposits  between  the  Chalk  and  the 
London  clay,  including  the  "  Basement  Bed"  of  the  latter,  form  the 
group  hitherto  called  "  the  Plastic  Clay  Formation,"  which  has  been 
described  "  as  composed  of  an  indefinite  number  of  sand,  clay,  and 
pebble  beds,  irregularly  alternating"  and  as  being  "  members  of  one 
great  series  of  nearly  contemporaneous  deposits,"  and  essentially  of 
fresh  and  brackish  water  origin.  A  careful  examination  of  these, strata 
has  led  me  to  believe,  on  the  contrary,  that  a  regular  and  definite  order 
of  superposition  does  exist,  and  that,  instead  of  one  series  of  alterna- 
ting and  intercalated  strata,  the  conditions  of  structure  and  changes 
in  the  fauna  show  that  there  are  five  well-marked  and  distinct  groups. 
Three,  however,  of  these  groups  are  apparently  synchronous.  There- 
fore the  number  of  consecutive  and  separate  divisions  of  the  Lower 
Tertiaries  may  be  reduced  to  three  J. 

The  term  "  Plastic  Clay  Formation"  was  originally  given  to  this 
series  in  conformity  with  the  divisions  introduced  into  the  French 
tertiaries  by  Cuvier  and  Brongniart,  and  was  deemed  applicable  in 
consequence  of  the  prevalence  of  variegated  plastic  clays  at  many 

*  The  difficulty  of  obtaining,  in  the  very  variable  strata  of  the  "  Lower  Tertia- 
ries/' a  series  of  sections  that  would,  to  my  mind,  satisfactorily  establish  their 
division  into  certain  well-marked  and  persistent  groups,  has  caused  a  longer  delay 
than  I  could  have  wished  in  bringing  this  inquiry  to  a  conclusion ;  and  even  now 
1  find  it  advisable  to  describe  the  lowest  member  of  the  series  before  the  central 
one,  that  should  in  natural  order  have  followed  next,  the  better  to  detach  out  of 
the  series  this  latter  more  complex  group,  the  description  of  which  I  must  post, 
pone  to  a  future  period.   [J.  P.,  Jun.] 

t  Quart.  Journ.  Geol.  Soc.  vol  vi.  p.  252. 

j  It  is  true  that  certain  characters  and  fossils  pervade  the  whole  series,  and  it 
may  be  thought  unnecessary  to  establish  divisions  on  features  not  more  distinc- 
tive than  those  which  guide  us  in  these  papers ;  but  if  not  standing  out  in  the 
strong  relief  indicating  more  important  geological  changes,  they  are,  though  small 
in  degree,  definite  in  form,  and  exhibit  the  more  delicate  shadings,  stamped  as  it 
were  by  the  diurnal  occurrences  of  the  time.  They  may  be  less  impressive  than 
the  greater  changes,  but,  as  they  are  equally  a  part  of  the  progress  of  the  period, 
and  depict  the  more  gradual  and  lesser  alterations  in  the  configuration  of  the  sur- 
face and  in  the  distribution  of  life,  they  are  full  of  interest  and  indispensable  in 
filling  up  those  details  of  the  scene,  which  are  so  necessary  to  enable  us  to  trace 
accurately  each  successive  step  in  the  history  of  the  time. 
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places  around  London*  and,  again,  more  especially  near  Boole  m 
Dorsetshire.  But  in  the  London  district  these  clays  are  restricted  at 
the  western  portion  of  the  tertiary  area,  and  occur  oat  in  ooe  di  i 
of  the  series ;  whilst  the  Poole  clays  belong,  not  to  the  beds  bene** 
the  "  London  Clay,"  but  form  part  of  the  "  Bagshot  Sands'*  above  k 
It  is  to  be  observed  also,  that  these  subordinate  clays  which  give  tiar 
name  to  this  formation  are  the  unfossiliferous  portion  of  the  sens* 
and  consequently  they  present  only  a  mineral  designation,  whilst  tfcr 
palaeontologies!  type  has  been  taken  from  the  local  and  sul 
fluvio-marine  group  of  Woolwich,  Bromley,  and  adjacent  < 
which,  owing  to  its  more  favourable  exhibition  and  rich  store  of  < 
nic  remains,  has  attracted  a  larger  share  of  attention  than  its  rd 
development  would  warrant,  and  its  characters  have  come  to  be  casv 
siderea  the  ruling,  instead  of  the  subordinate,  although  important, 
feature  of  the  "  Plastic  Clay  Formation."  For  out  of  nearly  3O0S 
square  miles  over  which  the  "  lower  tertiaries"  are  spread,  these  ftmrav 
tile  and  estuarine  beds  occupy  really  an  area  of  only  about  200  oaks* 
nor  is  their  vertical  development  relatively  more  important.  In  tact, 
so  far  from  the  more  fluviatile  conditions  prevailing  in  the  low 
tertiaries,  this  series  exhibits,  on  the  contrary,  throughout  a  great  part 
of  its  range,  proofs  of  a  distinctly  marine  origin,  whilst  in  another 
part  the  absence  of  fossils  renders  the  question  of  origin  uncertam. 
With  regard  also  to  their  mineral  structure,  the  conjoint  use  of  tat 
terms  "London  Clay  Formation"  and  "Plastic  Clay  Formaim"  ■ 
apt  to  convey  a  wrong  idea,  inasmuch  as  they  might  be  supposed  as 
be  two  amllaceous  deposits,  or  at  least  in  some  measure  related  m 
lithological  characters,  whereas  they  are,  as  is  well  known,  totally 
dissimilar,  the  one  formation  being  strictly  argillaceous,  and  the  other 
mainly  arenaceous  but  with  subordinate  days  and  conglomerates. 

For  these  reasons  therefore  it  seems  desirable  to  change  the  naaw 
of  this  part  of  the  Tertiary  series,  or  at  all  events  to  restrict  the  pie- 
sent  one  to  that  portion  of  the  series  in  which  the  plastic  days  pre- 
dominate ;  but  still  this  name  indicates  a  physical  character  so  essen- 
tially a  part  of  the  ordinary  properties  of  clays,  that  even  in  this  more 
limited  division  their  strongly  marked  mwttled  appearance  would 
afford  a  less  general  and  better  designation.  I  therefore  propose  fee 
the  present  merely  to  call  the  series  between  the  London  day  and 
the  Chalk  "The  Lower  London  Tertiaries,"  and  to  subdivide 
into  the  following  groups  in  descending  order : — 

"1.  The  Boeememi  Bed  qf  the  Lomdem  CItjr. 


The  Lower  London 
Tertiaries. 


2*.  The  Woolwich  end  the  Mottled  Cbye,  Sarnie,  t 

Pebble  Bed*. 

3.  The  Thenet  Sends. 


*  The  order  of  subdivision  of  this  part  of  the  series  will  be  given  in  las  sen 
and  concluding  part  of  this  Paper. 

With  reference  to  the  French  tertianes,  M.  d'Arebiae  hat  dbcoaUMsd  sW 
me  of  the  term  "  Formation  d" Anile  plastkrae,"  and  named  the  series  of  strati 
beneath  Cakaire  Grossier,  the  "  Sables  inferienrV*  subdividing  them  into  n 


groups.  In  bis  extremely  valuable  *  Histotre  des  Progret  de  la  GeoJogM  as  ISM 
a  1845'  (note,  p.  598),  he  observes, "  Qoelqnes  eclogues,  trap  pttocenpes  earth 
que  jone  l'argde  plastiane  dont  on  troave  des  amas  plat  on  mains  ( 
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The  sands  which  in  Kent  immediately  overlie  the  chalk  are  here 
formed  into  a  separate  division,  as  I  believe  them  to  be  entirely  of 
marine  origin,  and  distinct  from  the  sands  incumbent  on  the  chalk  at 
Hertford,  Reading,  Newbury,  and  elsewhere  westward  of  London, 
but  with  which  these  Kent  sands  have  been  hitherto  considered  syn- 
chronous. If  such  were  the  case,  then  certainly  the  mottled  plastic 
clays  and  light-coloured  sands  lying  between  the  chalk  and  the  Lon- 
don clay  at  Heading  might  be  regarded  as  the  equivalent  of  the  whole 
group  of  strata  reposing  upon  the  chalk  at  Woolwich  and  Upnor ; 
but  it  can,  I  think,  be  proved  that  the  Reading  and  Hertford  beds 
are  higher  in  the  series  than  the  Kentish  sands,  and  that  it  is  from  the 
gradual  thinning-out  of  the  latter,  as  they  range  westward,  and  not 
by  actual  synchronous  deposition,  that  this  mottled  clay  group  reposes 
immediately  upon  the  chalk  in  Berkshire,  and  occupies  therefore  rela- 
tively to  that  formation  the  same  position  as  the  thick  mass  of  lower 
sands  in  Kent  *. 

The  grounds  for  this  opinion  will  probably  be  better  understood 
from  the  description  of  the  several  groups  rather  than  by  a  prior  enu- 
meration of  abstract  reasons.  As  before  mentioned,  I  purpose  com- 
mencing in  this  instance,  as  more  convenient  for  the  general  argu- 
ment, with  the  lowest  beds,  viz. — 

"  The  Thanet  Sands "j"." 

I  have  used  this  term  in  consequence  of  these  sands  being  best  ex- 
hibited, and  marked  by  organic  remains,  in  part  of  the  Isle  of  Thanet 

ordimrirement  discontinus,  vers  la  base  et  vers  le  haut  de  ce  groupe,  ont  designl 
celui-ci  sous  le  nom  de  groupe  de  Vargile  pltutique ;  mais  cette  expression,  assez 
juste  lonqu'on  ne  considere  que  les  environs  de  Paris,  devient  au  contraire  tout  a 
fait  fausse  lorsqu'on  embrasse  la  totality  du  bassin.  On  ne  tarde  pas  a  reconnaitre 
en  effet  que  l'argile  plastique  proprement  dite  n'est  qu'un  accident  de  quelques 
metres  d'epaisseur  subordonne'  a  la  partie  inferieure  d'une  masse  sablonneuse  qui 
en  a  80  et  meme  da  vantage."  These  observations  will  apply  to  a  certain  extent 
to  the  English  series ;  but  the  beds  of  mottled  clay  are  in  this  country  far  more 
largely  developed  and  hold  a  more  important  place  in  the  Lower  Eocene  strata 
than  M.  d'Archiac  describes  them  to  occupy  in  France. 

*  Such  is  the  difficulty  of  obtaining  clear  sections  between  the  west  of  Kent  and 
Berkshire,  that  even  now  it  would  not  be  safe  to  pronounce  as  a  certainty  that  the 
whole  of  the  Lower  Tertiaries  of  the  former  county  were  of  more  recent  origin 
than  the  Thanet  Sands.  It  is  possible  that  a  small  portion  of  the  lowest  beds 
may  be  synchronous  with  the  latter.  This,  however,  would  only  modify  the  divi- 
sions here  proposed,  and  would  not  affect  their  general  correctness. 

t  The  only  accounts  we  have  of  this  lowermost  bed  are  short  abstracts  of  papers  by 
Mr.  Morris,  Proc  GeoL  Soc.  vol.  ii.  p.  595,  44  On  the  Coast  section  from  Ramsgate 
to  Pecwell  Bay ;"  and  again  at  p.  450,  44  On  the  Strata  usually  termed  Plastic 
Clay,  wherein  he  describes  the  Woolwich  and  Upnor  beds,  and  gives  their  relation 
to  the  Bognor  and  Heme  Bay  strata.  In  the  same  volume  both  Dr.  Mitchell  (p.  7) 
and  Mr.  Richardson  (pp.  78  and  222)  give  some  account  of  the  cliffs  at  the  Re- 
culvers  and  Heme  Bay,  but  these  descriptions  are  very  general.  Brief  notices  of 
these  sands,  as  forming  part  of  the  Plastic  Clay  series,  occur  also  in  Phillips  and 
Conybeare's  4  Geology  of  England '  (pp.  37-51),  and  in  papers  by  Mr.  Webster 
(Trans.  GeoL  Soc  voL  ii.  p.  196),  by  Dr.  Buckland  (Trans.  Geol.  Soc.  vol.  iv. 
p.  284),  and  by  the  Rev.  H.  M.  De  la  Condamine  (Quart.  Journ.  Geol.  Soc.  vol.  vi. 
p.  440). 
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and  in  the  immediately  adjacent  districts.  It  is  these  beds  which  farm 
the  cliffs  at  Pegwell  Bay  near  Ramsgate  (see  section  No.  1,  PI.  XV.). 
They  range  inland  from  this  point  to  Minster,  but,  although  distinctly 
overlying  the  chalk,  their  position  relatively  to  the  other  members  of 
the  "  Lower  Tertiaries"  is  not  seen,  as  no  beds  higher  in  the  series 
occur  in  this  district.  They  are  also  well  developed  on  the  west  bank 
of  the  Stour  at  the  old  Roman  station  of  Richborough,  and  again  om 
the  side  of  the  road  in  descending  from  Woodnesborough  church  to- 
wards Sandwich.  The  actual  section  at  the  former  place,  together 
with  its  relation  to  the  strata  at  the  latter  place,  and  to  the  outcrop 
of  the  chalk,  is  shown  in  section  No.  2,  PI.  XV. 

The  Thanet  Sands  extend  over  nearly  the  whole  of  the  district 
included  between  Sandwich,  Canterbury,  and  the  Reculvers,  but  are 
frequently  overlaid  by  the  middle  division  of  the  lower  tertiaries,  as  in 
the  section  at  Richborough.  The  higher  beds  of  the  lower  tertiaries 
are  here  also  wanting.  The  relation,  however,  of  the  lower  diriaioas 
to  the  whole  series  can  be  studied  in  unbroken  sequence  in  the  cfcfls 
between  the  Reculvers  and  Heme  Bay,  where  the  several  members 
of  the  "  Lower  London  Tertiaries"  oass  beneath  the  "London  Clay" 
(see  section  No.  3,  PI.  XV.).  Further,  n6t  only  is  the  co-relation  of 
the  several  groups  well  exhibited  in  these  districts,  but  each  division 
has  its  distinct  hthological  character  and  fauna,  and  they  are  all  under 
similar  marine  conditions,  whereas,  as  these  beds  range  westward,  the 
frequent  absence  of  fossils  and  the  close  similarity,  in  many  cases,  of 
lithological  characters  often  render  it  difficult  to  determine  the  hues 
of  separation  of  the  different  groups,  except  where  the  middle  divi- 
sion contains  subordinate  fluviatile  beds.  In  fact,  in  assuming  that 
these  Thanet  Sands  of  the  Reculvers  and  Richborough  are  the  same 
as  those  which  underlie  the  more  fluviatile  beds  of  the  central  group 
at  Upnor  and  Woolwich  (see  sections  4  and  5,  PI.  XV.),  and  repose 
immediately  upon  the  chalk  throughout  Kent,  Essex,  and  part  of 
Surrey, — that  they  are  distinct  from  the  sands  which  alternate  with 
the  mottled  clays  incumbent  on  the  chalk  in  West  Surrey,  Hertford- 
shire, Buckinghamshire,  and  Berkshire,  and  that  the  latter  form  a 
separate  group, — it  must  be  observed  that  neither  mineral  character! 
nor  organic  remains  alone  suffice  to  determine  the  question ;  for  the 
proofs  depend  upon  general  structure  and  superposition,  upon  unity 
m  the  general  design,  and  upon  certain  constant  characters  and  con- 
ditions. 

The  following  sections  which  I  have  given  elsewhere*,  and  for  the 
use  of  which  I  am  indebted  to  Mr.  Van  Voorst,  will  serve  to  illustrate 
the  relative  position  and  importance  of  the  several  divisions  of  the 
"  Lower  Tertiaries"  in  their  ranee  from  east  to  west. 

These  sections  are  on  a  vertical  scale  of  50  feet  to  1  inch. 

*  "A  i  eological  Inquiry  respecting  the  Water-bearing  Strata  of  the  conntn 

around  London,"  1851.  8*a  John  Van  Vooret,  London. 
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Fig.  1. — Section  of  the  Cliff  a  mile  and  a  half  east  of  Heme  Bay. 
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Fig.  2. — General  section  of  the  strata  beneath  London. 
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Fig.  3.— Section  at  the  Brick-field,  west  ofHedoerley,  six  miUa 
north  of  Windsor. 


1 .  Range  and  General  Physical  Characters. 

From  the  north-east  of  Kent,  the  Thanet  Sands  range  past  Can- 
terbury, Faversham,  Sittingbourne,  to  Chatham,  occupying  the 
lower  grounds  sloping  down  towards  the  Swale  and  the  Meaway,  and 
occasionally  capping  the  tops  of  the  chalk  hills  for  a  short  distance 
inland.  Crossing  the  Medway,  they  form  a  broader  zone  by  Upoor 
and  Cobham,  thence  in  detached  outliers  by  Gravesend,  Swanscombe, 
and  Dartford.  Here  they  stretch  further  south,  spreading  orrr  a 
tract  of  country  extending  between  the  valleys  of  the  Darent  and  the 
Cray,  and  thence  by  Faraborough  to  Addington  and  Croydon  in 
one  direction,  and  to  Erith,  Woolwich,  and  Deptford  in  the  other. 
Throughout  these  districts  these  sands  are  with  few  exceptions  Terr 
fertile,  and  their  usually  well-wooded  surface  *  contrasts  strondr 
with  the  more  open  chalk  tracts.  They  form  extensive  hop  grounds, 
and  a  large  proportion  of  the  well-known  fruit  orchards  of  North 
Kent  are  situated  on  this  deposit  f.  Dipping  under  the  London  dsr 
at  Deptford  and  Lewisham,  these  sands  pass  beneath  London,  and 
become  available  in  another  important  way,  forming  the  large  water 
reservoir  to  numerous  artesian  wells,  both  in  London  and  in  the 
districts  immediately  north  and  south  of  it  J. 

\  f  f 1  TT  eculvers,  the  Thanet  Sands  appear  to  be  about  70  to  £0 
,  i  hough  only  25  feet  of  them  are  exposed  in  the  cliff  «e» 
tion  ;  but  a  well,  which  was  sunk  at  the  village,  reached  the  chalk  after 
mgh  a  continuation  of  these  sands  for  a  further  depth  of 

*  T*km  in  conjunction  with  the  upper  divisions  of  the  Lower  Tertiariea. 

t  in  i!k  north-east  of  Kent  these  Thanet  sands,  with  a  slight  covering  of  drift 
l<t*m,  form  wiroe  of  the  roost  valuable  arable  land  of  the  county. 

X  hi  t  r.sirbn,  owing  to  the  large  drain  upon  this  source,  the  water  no  loaf* 
fitea  to  the  surface ;  but  at  a  diitancc  of  four  or  Ave  miles  on  either  aide  of  tat 
TtimiuM,  H*  at  Tooting,  Garrett,  Clapton,  and  Waltham  Abbey,  it  still  continaaetai 
owrSowt  although  with  rather  diminished  power  (aee  work  before  referred  t*. 
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about  50  to  60  feet.  In  some  parts  of  the  neighbourhood  of  Can- 
terbury they  cannot  be  much  less  than  80  to  90  feet  thick.  They 
then  apparently  maintain  a  tolerably  uniform  thickness  of  from  60  to 
70  feet,  as  far  as  Chatham,  Upnor  (Sect.  No.  4,  PI.  XV. ),  andGravesend. 
At  Bexley  Heath  they  have  been  ascertained  to  vary  in  thickness 
from  45  to  55  feet,  ana  at  Woolwich  I  find  that  they  are  60  feet  thick. 
Beneath  London  their  thickness  averages  from  30  to  40  feet.  They 
then  become  more  rapidly  thinner  as  they  trend  underground  further 
westward,  being  only  20  feet  thick  at  Wandsworth,  1 7  feet  at  Isleworth, 
7  feet  at  Twickenham,  and  3  feet  at  Chobham,  beyond  which  they 
thin  out,  although  I  believe  that  originally  they  probably  had  a  range 
westward  co-extensive  in  some  measure  with  the  green-coated  flints 
overlying  the  chalk.  Along  their  south  line  of  outcrop  westward  of 
London,  they  are  exposed  at  Croydon  and  Carshalton,  and  disappear,  I 
think,  somewhere  about  Ewell  or  Epsom  *,  but  the  sections  are  too 
few  and  imperfect  to  determine  this  point.  To  the  north  of  London 
the  Thanet  Sands  do  not  range  so  far  as  Hertford,  for  there,  and  also 
at  Northaw,  as  I  shall  afterwards  show,  the  sands  and  conglomerates 
which  repose  immediately  upon  the  chalk  belong  to  the  middle  di- 
vision of  the  Lower  Tertiaries.  (See  figs.  1,  2,  &  3.) 

In  North  Essex  the  zone  of  outcrop  of  these  sands  usually  occurs 
on  the  slope  of  hills,  and  they  therefore  form  a  very  narrow  belt, 
which  is  further  frequently  so  obscured  by  drift,  that  they  do  not 


and  the  want  of  sections,  their  structure  there  remains  uncertain  f. 
Their  thickness  may  be  from  30  to  50  feet.  In  South  Essex,  how- 
ever, they  are  well  exhibited  in  the  line  of  country  between  Purfleet, 
Grays,  and  East  Tilbury ;  and  are  as  fully  and  similarly  developed 
there  as  in  the  opposite  part  of  Kent. 

[Besides  the  localities  mentioned  elsewhere  in  the  text,  the  following  are  some 
other  places  at  which  sections  of  the  Thanet  Sand*  are  exposed — Harbledown  and 
Whitehall  westward  of  Canterbury ;  around  Boughton  near  Faversham ;  on  the 
N.W.  of  Shottenden  Hill,  four  miles  S.E.  from  Faversham ;  and  again  in  the  lanes 
traversing  Bysing  Wood,  one  mile  W.  from  Faversham ;  the  hill  between  Key  Street 
and  Newington  Street,  near  Sittingbonrne ;  Ottersham  Quay,  near  Rainham ;  and 
in  the  lane  leading  from  Lower  Rainham  to  Rainham,  and  that  between  Tweedale 
and  Gillingham ;  road  between  Stroud  and  Gad's  Hill,  and  west  slope  of  Gad's 
Hill ;  lane  leading  from  the  high-road  to  Sborne  Ridgeway,  and  also  the  one  leading 


*  In  the  brick-field  at  Nonsuch  Park,  near  Ewell,  the  "  Mottled  Clays"  are  well 
exhibited,  and  evidently  descend  very  near  to  the  chalk,  but  the  section  is  im- 
perfect. In  the  railway-cutting  at  Epsom  I  found  the  "  Thanet  Sands  "  reduced 
to  a  thickness  of  14  feet.  At  HeacUey-on-tbe-HUl,  the  mottled  clays  with  an 
underlying  band  of  Ottrea  Bellovadna  repose  immediately  on  the  chalk,  without 
the  intervention  of  the  Thanet  sands.  At  Fetcham,  a  few  miles  west  from  Epsom, 
a  bed  of  sand  25  to  30  feet  thick  overlies  the  chalk,  but  I  believe  it  to  belong  to 
the  "  Mottled  Clay  "  series,  as  it  is  underlaid  by  the  bed  of  Ottrea  Bellovacina. 

t  The  country  is  so  obscure  on  the  borders  of  Herts  and  Essex,  that  I  cannot 
well  determine  where  the  "  Thanet  Sands  "  end  and  are  succeeded  by  the  "  Mot- 
tled Clay"  group.  This  latter,  however,  is  in  full  force  at  Ware,  and  again  near 
Bishop  Stortfora,  but  its  structure  is  here  very  variable,  frequently  passing  into 
sands  difficult,  without  better  sections,  to  distinguish  from  the  "  Thanet  Sands," 
which,  judging  from  several  small  sections,  probably  commence  somewhere  near 
this  latter  point. 
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to  Shorne,  and  from  Gad's  Hill  to  Rigbam;  several  laite  cuttings  betwmCeatam, 
Ifield,  and  Thong ;  south  tide  of  windmill  Hill,  near  Gravesend ;  esyeaafiy  tfct 
lane  leading  from  Betsham  to  Stone,  on  the  S.W.  tide  of  Swanseosnbe  woad, 
near  Greenhithe ;  the  lane  leading  from  Darent  to  Darent  Wood,  just  when  ft 
enters  the  wood,  and  the  lane  leading  from  Bexley  to  Baldwin's  Park ;  taste  lead- 
ing up  the  hill  N.  of  the  Abbey  Wood  Station ;  the  lanes  and  roada  in  the  neigh- 
bourhood of  North  Cray,  St  Paul's  Cray,  and  Orpington;  the  lane  jwst  east  af 
Keringdown  near  St.  Mary's  Cray ;  pit  on  the  Bromley  road  just  below  the  wind- 
mill at  Chiselhurst;  lane  sections  and  pits  at  Grays,  Little  Thurrock,  CUadil» 
and  West  Tilbury;  pits  at  Charlton;  others  on  the  hill  between  Lewitbasn  and 
New  Cross ;  and  pit  in  Coombe  Lane,  Croydon.] 

2.  IAtkological  Character. 

The  mineral  structure  of  this  deposit  is  very  simple.  It  consist! 
essentially  of  a  base  of  fine  light-coloured  quartzose  sand,  mixed,  m 
its  lower  beds  more  especially,  with  more  or  less  argfllaceoos  matter, 
but  never  passing  into  distinct  clays.  It  also  contains  a  small  pro- 
portion of  dark  green  grains*,  which  sometimes  give  to  these  beds, 
otherwise  on  the  whole  of  a  very  light  yellow  or  stone  colour,  an  ex- 
tremely slight  ash-green  tinge ;  but  in  the  stratum,  2  to  6  feet  thick, 
immediately  lying  upon  the  chalk,  they  so  predominate  as  to  form  aa 
impure  argillaceous  greyish  greensand,  rery  constant  in  its  position 
ana  characters.  Examined  through  a  microscope,  the  grains  of  sand 
appear  colourless  and  subangular,  worn,  but  not  roun<  led.  In  the 
upper  part  of  this  deposit  they  form  a  loose  unadhering  mass  made 
up  almost  entirely  of  pure  quartzose  grains,  but  in  descending,  these 
bright  transparent  grains  appear  mixed  with  an  opaque  whitish 
argillaceous  powder.  The  argillaceous  matter  is  usually  light-coloured, 
and  does  not  therefore  colour  the  sands,  merely  giving  a  certain 
amount  of  cohesion,  so  that  when  dry  the  beds  are  sometimes  semi- 
indurated.  In  some  places,  however,  the  day  with  which  the  sands 
are  mixed  is  darker^xitoured,  as  in  the  lower  beds  at  Pegwefl  Bayt 
and  Heme  Bay.  A  peculiarity  of  these  clayey  sands  u  the  vety 
marked  difference  of  colour  which  some  of  them  exhibit  when  wet 
and  dry — a  difference  greater  than  usual.  In  places,  beds,  which 
when  wet  are  of  a  rather  deep  dark  grey  colour,  not  only  become 
many  shades  lighter  when  dry,  but  actually  seem  to  lose  all  colour, 
and  turn  so  white  as  to  resemble  chalk  at  a  distance.  The  top  of  tins 
deposit  is  also  occasionally  coloured  ochreous  by  the  peroxide  of  iron, 
as  at  Bichborough,  Heme  Bay,  and  at  Boston  Common  near  Plum- 
stead.  With  these  exceptions  the  general  colour  and  appearance  of 
the  lower  sands  is  remarkably  uniform,  hardly  varying  throughout 
Essex,  and  in  Kent  from  Faversham  to  Greenwich.  It  rarely  forms 
very  distinct  strata,  excepting  always  its  basement-bed,  but  exists  as  a 
thickly  bedded  mass  of  fine  sand  (in  great  part  nearly  white),  except 
where,  in  the  N.E.  of  Rent,  it  becomes,  in  its  lower  beds  especially, 
darker  and  more  argillaceous,  and  shows  a  well-defined  stratification. 

*  It  is,  however,  the  middle  group  of  the 14  Lower  London  Tertiarie*  n  tact  is 
more  particularly  marked  by  the  presence  of  green  sands ;  they  form  om  of  in 
distinctive  characters. 

t  It  is  this  bed  which  probably  helps  to  form  the  good  larhnrigri  |riasn1  af 
the  Downs,  which  are  opposite  to  Pegwell  Bay. 
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The  upper  part  of  these  sands  near  London,  and  throughout  the 
greater  part  of  Kent,  appears  to  be  almost  perfectly  free  from  car- 
bonate of  lime,  and  in  the  middle  and  lower  parts  usually  mere  traces 
of  it  are  present.  A  rough  analysis  of  six  specimens  from  various 
localities  yielded  only  from  1  to  2  per  cent.  At  Heme  Bay  and  Peg- 
well  Bay,  however,  carbonate  of  lime  is  present  in  greater  abundance, 
so  as  to  be  readily  detected  by  the  ordinary  tests.  It  forms,  a  few 
feet  from  the  top  of  the  deposit,  at  these  places,  a  tabular  bed  of 
large,  hard,  flat,  concretionary  masses,  effervescing  strongly  with  dilute 
acid.  At  Wingham,  near  Canterbury,  these  beds  form  a  consider- 
able thickness  of  semi-indurated  fossihferous  marls.  As  this  division 
approaches  London,  the  carbonate  of  lime  almost  entirely  disappears  * : 
owing  to  this  cause,  and  the  perfect  permeability  of  the  strata,  even 
the  carbonate  of  lime  of  the  shells,  of  whose  existence  we  have  some 
evidence,  has  been  entirely  removed. 

A  distinctive  feature  of  this  division  is,  that  it  never  contains  layers 
or  beds  of  those  rounded  black  flint-pebbles  so  common  in  the  over- 
lying divisions,  nor  does  it  ever  exhibit  subordinate  beds  of  those  mot- 
tled clays  which  so  well  mark  the  middle  division.  A  few  rounded 
flint-pebbles,  some  few  even  as  large  as  a  cannon-ball,  have  been  occa- 
sionally found  in  the  mass  of  the  lower  sands,  but  they  are  usually 
dispersed  singly,  and  are  of  very  rare  occurrence. 

Mica  is  sparingly  disseminated  in  the  sands.  At  Pegwell  Bay, 
however,  it  occurs  in  a  thin  band  of  sandstone,  in  quantity  sufficient 
to  divide  it  into  fine  laminae.  The  peroxide  of  iron  slightly  tinges 
some  of  the  beds,  and  forms  occasionally  small  nodular,  sandy  concre- 
tions and  casts  of  the  interior  of  the  shells.  It  is  sometimes  present 
in  the  form  of  veins  traversing  the  sands  diagonally,  and  also  in 
patches  as  stains  in  the  sands,  but  it  never  forma, solid  masses  or  layers 
of  ferruginous  sandstone.  With  the  exception  of  the  calcareous 
sandstones  of  Pegwell  Bay  and  the  Reculvers,  the  Thanet  Sands  very 
rarely,  if  ever,  contain  blocks  or  layers  of  concretionary  sandstone. 
At  Erith,  such  masses  of  flat,  tabular,  very  hard  sandstone  have, 
it  is  true,  been  found  near  the  top  of  the  pit  f ;  and  in  the  lane  lead- 
ing from  Gad's  Hill  to  Shorne  Ridgeway,  a  block  of  this  description 
was  to  be  seen,  apparently  in  situ,  a  short  time  since  in  a  cutting 
through  either  the  upper  part  of  these  sands  or  the  lower  part  of  the 
middle  division.  These  sands  may  possibly  have  furnished  some  of 
the  large  masses  of  sandstone  which  so  commonly  occur  in  the  drift 
on  the  edge  of  the  chalk  downs  in  Kent,  but  I  believe  that  the  bulk 
of  them  were  derived  from  the  next  division  of  these  Lower  Tertiaries, 
and  more  especially  from  the  "  Basement-bed  of  the  London  Clay." 

Small  grains  of  selenite  are,  according  to  Mr.  De  la  Condamine, 
frequently  mixed  in  some  abundance  with  these  sands  in  the  neigh- 
bourhood of  Blackheath. 

A  very  marked  feature  of  the  "  Thanet  Sands"  is  the  constant  oc- 
currence at  the  very  base  of  the  deposit,  and  immediately  reposing  on 

*  At  Faversham  even  the  few  fossils  which  are  preserved  are  almost  all  in  a 
silicified  condition,  and  only  traces  of  carbonate  of  lime  are  present, 
f  It  is  uncertain,  however,  whether  these  do  not  belong  to  the  middle  division. 
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the  chalk,  of  a  layer  of  flints  of  all  sizes,  just  as  they  occur  in  the  na- 
derlying  chalk,  from  which  in  fact  they  appear  to  hare  removed  com- 
paratively without  wear  or  fracture ;  for  they  are  almost  as  perfect  at 
the  undisturbed  flints,  but  present  this  difference,  that  instead  of  their 
usual  white  or  black  coating,  these  flints  are  almost  invariably  of  a  den 
bright  olive-green  colour  externally ;  the  white  outer  coating,  which 
is  often  very  thick,  seems  removed  (as  though  by  an  acid  \  and  the 
flint  then  stained  green.  So  strong  is  the  colour,  although  it  form 
a  mere  film,  that  flints  removed  by  denudation  from  this  bed,  sub- 
jected to  great  wear  and  many  changes,  and  imbedded  in  fresh  beck 
whether  of  the  Tertiaries  or  the  Drift,  can  always  be  recognized  by 
the  peculiar  green  colour  which  they  invariably  retain.  The  colour 
in  fact  seems  to  be  not  a  mere  stain,  but  an  actual  alteration  in  the 
structure  of  the  flint,  arising  apparently  from  its  having  entered  into 
a  chemical  combination  with  the  iron  of  the  mud  or  silt  in  which 
they  became  imbedded,  forming  in  consequence  a  true  silicate  of 
iron.  There  is  frequently  a  thick  inner  brown  stain  of  the  peroxide 
of  iron,  but  as  in  the  silicate  the  iron  is  usually  in  the  state  of  the 
protoxide,  it  would  almost  appear  as  though  the  flints  had  been  hn- 
bedded  at  the  sea-bottom  in  a  ferruginous  mud*  and  that  then  some 
cause,  productive  of  an  action  on  the  silica,  and  a  decomposition  or 
deoxidization  of  the  mineral  containing  the  iron,  acted  simultaneondy 
on  the  two,  and  brought  them,  in  presence,  into  a  state  in  which  they 
would  readily  combine.  To  this  however  I  merely  direct  attention ; 
it  is  a  subject  which  needs  a  special  inquiry.  If  it  should  prove  to 
be,  as  I  anticipate  from  the  few  experiments  I  have  made,  a  tree 
chemical  combination,  it  will  be  a  curious  fact,  for  almost  all  the 
minerals  in  which  the  silicate  of  iron  is  a  main  ingredient,  as  the 
chlorites,  amphiboles,  pyroxenes,  &c,  belong  to  rocks  of  igneous  or 
metamorphic  origin.  Its  formation  by  moist  means  seems  to  be  the 
exceptional  case;  but  should  the  view  here  suggested  be  correct, 
it  will  show  that  there  may  be  cases  in  which  sedimentary  beds 
of  greensand  may  have  derived  their  characters  from  changes  sub- 
sequent to  their  deposition,  as  well  as  by  the  more  usual  direct  dis- 
integration of  the  unstratified  and  metamorphic  rocks. 

There  is  on  the  whole  in  the  Thanet  Sands  a  uniformity  and 
breadth  of  character  entirely  wanting  in  the  overlying  division  of  the 
Lower  Tertiaries,  which  deposit  is  on  the  contrary  extremely  variable 
in  its  structure,  showing  rapid  changes  within  short  distances  and 
great  variety  of  lithological  composition.  This  well- maintained  re- 
gularity in  the  one,  whilst  the  accompanying  overlying  beds  undergo 
at  the  same  time  considerable  alteration,  is  in  fact  one  of  the  features 
which  serves  to  mark  the  two  divisions,  notwithstanding  that  the 
middle  group,  in  its  many  phases,  occasionally  puts  on  characters  so 
resembling  the  lower  ones  as  to  render  it  difficult  to  distinguish  them 
apart.  This  fact  will,  however,  be  brought  out  more  clearly  in  descri- 
bing hereafter  the  next  or  middle  division  of  the  Lower  Tertiaries. 

For  a  more  particular  account  of  the  lithological  characters  of  this 
deposit  at  a  few  given  places,  see  the  descriptions  of  sections,  p.  250, 
and  Explanation  of  Plate,  p.  261. 


1852.] 


PRESTWICH  ON  THE  THANET  SANDS. 


245 


3.  Organic  Remains. — The  fauna  of  this  division  of  the  Tertiary 
series  is  both  limited  in  its  species  and  confined  in  its  range.  In  a 
few  localities  only  are  its  fossils  at  all  abundant,  and  they  occur  in 
patches  and  irregular  layers,  in  which,  although  the  number  of  indi- 
viduals is  sometimes  great,  the  species  are  always  few.  Nevertheless 
they  form  a  well-marked  and  distinct  group,  a  large  proportion  of 
which  is  peculiar  to  this  deposit.  This  scarcity  of  organic  remains  is 
in  part  attributable  probably  to  the  mineral  character  of  the  strata, 
for  these  being  almost  entirely  composed  of  fine  siliceous  sands,  with 
an  admixture  of  clay  and  carbonate  of  lime  only  (apart  from  a  few 
exceptional  cases)  in  very  small  and  variable  proportions,  thev  are 
generally  very  porous  and  permeable.  It  is  these  beds  which,  as 
before  mentioned,  constitute  the  main  water-bearing  strata  beneath 
the  London  Clay.  They  everywhere  admit  of  the  passage  of  water, 
with  which  they  are  invariably  charged  when  below  a  certain  level. 
The  consequence  of  this  is,  that  the  substance  of  the  shells  has  been 
almost  always  removed,  or,  where  it  remains,  it  is  generally  in  an 
extremely  friable  state.  Where  the  sands  are  sufficiently  argillaceous, 
the  casts  of  the  shells  often  remain ;  but  where  this  is  not  the  case, 
even  traces  of  them  are  of  very  rare  occurrence.  Where,  however, 
in  addition  to  the  clay,  carbonate  of  lime  is  present  in  appreciable 
quantity,  then  the  shells  are  preserved  in  considerable  numbers,  but 
they  are  generally  very  tender  and  difficult  to  remove. 

By  these  observations  I  do  not  mean  to  imply  that  the  "Thanet 
Sands"  may  have  been  originally  equally  fossiliferous  in  West  as  in 
East  Kent,  for  it  is  probable  that  the  causes  which  have  favoured  the 
preservation  of  the  shells  when  dead,  may  also  have  tended  to  their 
development  when  living.  That  it  is  at  the  same  time  a  true  cause  to 
a  certain  extent,  is  evident  from  the  fact  that  in  a  few  exceptional  cases, 
which  we  shall  hereafter  mention,  where  the  fossil  has  by  chance  been 
brought  into  a  condition  to  be  uninfluenced  by  the  action  of  water, 
then  a  few  isolated  proofs  of  the  existence  of  animal  life,  in  areas 
otherwise  barren,  have  been  preserved. 

At  the  south  end  of  the  section  at  Bichborough,  the  fossils  are 
numerous  and  perfect.  A  few  yards  further  north,  and  still  on  the 
same  level,  the  external  casts  only  are  found.  Many  of  these  are  in 
a  beautiful  state  of  preservation,  but  are  exceedingly  soft  and  friable. 
At  the  other  end  of  the  section  the  impressions  are  scarce,  and  the 
shells  still  more  so.  At  Pegwell  Bay  and  Heme  Bay  the  Thanet 
Sands  happen  to  be  more  argillaceous  and  calcareous  than  usual, 
and  there  the  shells  are  more  numerous  and  more  regularly  distri- 
buted, whilst  the  irregular  calcareous  concretions  and  the  few  layers 
of  semi-indurated  marls  have  served  in  both  places  to  preserve  the 
organic  remains.  In  the  upper  bed,  however,  of  loose  incoherent 
yellow  sand  at  Heme  Bay,  the  irregularity  in  the  occurrence  of  the 
fossils  is  again  observable.  At  their  highest  level,  near  the  Reculvers, 
they  are  full  of  friable  shells,  which  become  scarcer,  and  finally  dis- 
appear, although  numerous  impressions  remain,  as  the  bed  trends 
westward  and  cups  beneath  the  central  beds  of  the  Lower  Tertiaries. 
A  peculiar  condition  of  the  fossils  sometimes  occurs  at  Rich- 
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borough  and  the  Reculvers ;  in  some  of  those  esses  where  the  shell  has 
been  removed,  the  animal  matter  has  resisted  deoompositioB  and 
forms  an  earthy  brown  semi-elastic  film  covering  the  internal  cast.  Ia 
burning  it  gives  off  ammonia  in  abundance.  Judging  from  the  mm* 
test,  animal  matter  is  often  traceable  in  the  blackish  green  mud-fifee 
sediment  in  which  the  green-coated  flints  are  imbedded. 

On  the  side  of  the  road  on  Woodnesborough  Hill,  about  one  fo» 
long  N.N.E.  of  the  church,  I  found  a  few  years  ago  fragments  of 
numerous  shells  in  the  sands  30  to  40  feet  above  the  chalk.  In  the 
lanes  1  and  1£  mile  W.  of  Ash,  leading  down  the  south  slope  of  tht 
hill,  along  which  the  road  from  Sandwich  to  Canterbury  passes,  I  h**t 
found  casts  of  the  Cyprina  Morrisii ;  and  again  at  Winghana,  nearer 
to  Canterbury,  there  is  a  considerable  thickness  of  the  Thanet  Scat* 
in  a  semi-indurated  state  and  containing  numerous  impressions  of 
shells.  The  road  just  out  of  the  village,  and  leading  to  Pre  at— 
Street,  cuts  through  these  beds,  whilst  on  the  top  of  the  hill  tht 
sands  of  the  central  division  of  the  Lower  Tertiaries  are  larger? 
quarried.  In  a  field  just  below  the  cottages  ty  mile  13°  W.  of  fc. 
from  Wingham  Church  is  a  bank  of  the  Thanet  Sands  full  of  cants 
of  shells ;  and  again  on  the  sides  of  the  lane  leading  up  £.  from  tht 
small  valley  halfway  between  Upper  Hoath  and  Beaksbourne  Street, 
and  just  two  miles  22°  S.  of  E.  from  Canterbury  Cathedral,  is  an 
excellent  section  of  the  Thanet  Sands  in  their  semi-indurated  condi- 
tion and  abounding  in  fossils,  but  all  in  a  state  of  casts  both  internal 
and  external.  On  the  high-road  about  1£  mile  W.  from  Canterbury 
I  have  also  found  traces  of  casts  of  shells. 

In  all  these  places,  the  characteristic  and  by  far  the  most  abundant 
shell  is  the  Cyprina  Morrisii.  The  Cuculhta  crassatina,  one  or  two 
species  of  Artemis  or  Cytkerea  (including  the  C.  orbicularis  of  Ed- 
wards), the  Tkracia  oblata,  Pkoladomya  cuneata,  Corbuls  iomjirm 
trisy  a  small  Leda,  and  Ampullaria  subdepressa,  are  far  from  uncom- 
mon.  Other  species  are  comparatively  scarce. 

A  large  number  of  the  bivalve  shells  have  been  drilled  by  Zoopha- 
gous  molluscs,  but  the  proportion  of  shells  belonging  to  this  latter 
class  preserved  in  these  strata  is  very  small. 

Westward  of  this  district  the  organic  remains  of  the  Thanet  Sands 
become  exceedingly  rare.  Some  years  since  Mr.  Crowe  (bund  the 
CuculUta  crassatina,  and,  I  believe,  a  few  other  shells,  but  all  in 
the  state  of  siliceous  casts,  in  the  lower  part  of  the  Thanet  Sands  be- 
tween Faversham  and  Bough  ton*,  but  the  section  no  longer  exists. 
I  have  carefully  examined  numerous  sections  between  Faversham, 
Sittingbourne,  Chatham,  Upnor,  and  in  many  parts  of  the  north  nest 
of  Kent,  without  being  able  to  find  more  than  slight  indications  of 
fossils,  and  even  these  indistinct  traces  are  uncommon  f.  I  have  met 

*  It  it  said  to  have  been  in  a  field  near  the  brook  ia  Nash  Park.  If  so.it  omU 
not  ha? e  been  many  feet  abo? e  the  chalk. 

t  Since  writing  the  above,  I  have  found  in  a  bank  bordering  the  lane,  one  farloag 
doe  S.  from  Oakwell  Farm,  which  is,  by  the  Ordnance  Map,  exactly  21  nflea  4a* 
W.  from  Faversham  Church,  a  seam  full  of  shells  in  the  state  of  sesu-opaqwe 
eeous  casts.  The  Cyprimm,  CuctUkem,  and  a  Cytkert*  are  common.  The  autdSanoa 
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such  traces  between  Tweedale  and  Gillingham  ;  and  at  the  ballast-pits 
at  Erith*  the  casts  of  bivalve  shells  are  occasionally  found.  Mr. 
Morris  states  that  the  cast  of  the  Pholadomya  has  been  met  with  in 
the  lower  sands  at  Woolwich.  Mr.  Taylor  confirms  this  fact,  inas- 
much as  he  has  found  impressions  of  shells  in  the  sands  at  the  large 
ballast-pit  near  the  Charlton  station,  and  amongst  them  an  indisputable 
cast  of  a  Pholadomya.  In  the  various  sections  of  these  sands  which 
I  have  examined  in  Essex,  I  have  never  been  able  to  find  any  organic 
remains. 

There  are,  however,  some  very  curious  oviform  bodies  occasionally 
met  with  in  considerable  abundance  in  the  lower  part  of  the  Thanet 
Sands.  I  first  noticed  them  in  Pegwell  Bay,  and  afterwards  at  Shot- 
tenden  Hill ;  more  recently  I  have  found  them  in  still  greater  quanti- 
ties at  Bexleyf,  and  in  a  pit  one  mile  nearly  due  W.  from  West  Tilbury 
Church.  They  form  short  quill-like  tubes,  consisting  of  an  aggre- 
gation of  egg-shaped  bodies  about  the  size  of  cress-seed  (see  PI.  XVI. 
fig.  11).  There  is  no  organic  structure  visible,  but  this  is  apparently 
owing  to  the  organic  matter  being  removed  and  replaced  by  an  infil- 
tration of  argillaceous  matter  from  the  surrounding  matrix.  Is  it 
possible  that  these  bodies  may  be  the  eggs  of  Gasteropodous  Mol- 
luscs? 

Throughout  Kent  the  traces  of  vegetables  in  a  very  fragmentary 
state  are  not  uncommon.  They  are  generally  mere  small  indistinct 
impressions  in  the  soft  sand,  or  sometimes  equally  indistinct  frag- 
ments of  carbonaceous  matter,  but  they  never  occur  in  the  connected 
form  and  to  the  extent  which  they  do  in  the  overlying  group.  At 
Grays  and  Woolwich  long  tubular  fucoidal-looking  casts  are  not  un- 
common ;  and  east  of  Heme  Bay  the  large  flat  tabular  masses  of 
calcareous  sandstone  are  often  covered  with  long  vermiform  impres- 
sions and  casts,  apparently  of  Fuci  or  of  spongiform  bodies. 

In  the  determination  of  the  species  of  Molluscs  in  the  accompany- 
ing list,  Mr.  Edwards  and  Mr.  Morris  have  been  so  good  as  to  assist, 
and  the  latter  to  undertake  the  description  of  the  new  species. 
I  give  columns  of  the  three  principal  fossiliferous  localities,  but,  as 
before  mentioned,  there  are  other  localities  in  which  many  of  the 
species  are  found.  To  Mr.  T.  Rupert  Jones  I  am  indebted  for  an 
examination  of  several  specimens  of  the  Thanet  Sands  for  Forami- 
nifera.  He  found  them  only  in  a  few  specimens,  and  then  but  rarely  J. 
The  chief  locality  where  they  occur  is  Pegwell  Bay. 

At  Richborough  small  bones  and  scales  of  fishes  occasionally  occur, 
but  I  could  not  meet  with  any  specimen  sufficiently  perfect  to  deter- 
mine the  species.  Teeth  of  the  Lamna  are  also  found  in  several  places. 

is  not  very  perfect,  some  portion  of  the  shell  being  generally  wanting.  Very  beauti- 
ful casts,  in  clear  transparent  quartz,  of  a  very  small  Corbula,  are,  however,  perfect 
in  form  and  very  abundant.   Sponge  spicula  are  also  abundant. — May  1852. 

*  Mr.  Morris  informs  me  that  teeth  of  the  Shark  have  been  found  in  the  Thanet 
Sands  at  Erith.   I  have  just  found  there  a  large  Cyprina.-- [July  1852.] 

t  In  the  lane  leading  towards  Dartford  Heath. 

X  Mr.  Jones  has  also  been  enabled  to  add  to  my  list  a  few  Foraminifera  and  one 
Entomostracan,  that  he  had  previously  collected  from  the  Thanet  Sands  of  Peg- 
well  Bay. 
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Ampullaria  snbdepressa,  Morri*  (a.)...  c 

CsJyptaea  trochifbrmis,  Lam.  ?   rr 

Chemnitzia  or  Eulima,  a  very  small 

species   rr 

Dentalium  nitens,  Sow.  (a*.)    r 

Fnsus,  one  or  two  species   r 

Rostellaria  or  Aporrbais   rr 

Scalaria  Bowerbankii,  Mor.  pL  16. 

fig.  9  (at.)    rr 

 ,  a  smaller  species  (b.)    rr 

Trophon  subnodosum,  Mor.  pi.  16. 

fig.  10   rr 

Bivalves. 
Area,  one,  or  probably  two,  sma 

species  (c.)   

Astarte  tenera,  Mor.  pi.  16.  fig.  6  (d.) 

Cardiom,  large  species   

Corbula  globosa,  Sow.  ? 


-  longirostris,  Deth.  (e.) 
ella   


Crassatell 

Cyprina  Morrisii,  Sow  

 ,  a  rather  larger  species  (/.)  

Cytherea  orbicularis,  Mor.  pi.  16.  fig.  5. 

 ,  a  rather  smaller  species  (g.)  ... 

 ,  a  very  small  species  

Cucullsea  crassatina,  Lam.  (A.)  

Glycimeris  Rntupiensis,  Mor.  pL  16. 

Leda  snbstriata,  Mor.  pL  16.  fig.  7.  ... 

Lucina  (i.)   

Modiola   

Nncula  Bowerbankii,  Sow  

 fragilis,  DetA.  if.)  

 margaritacea,  Lam.  ?  

Ostrea,  a  very  small  species   

— ,  a  large  species  

Panopssa  granulata,  Afor.pl.  1 6.fig.3  (*.) 
Pecten  Prestvichii,  Mor.  pL  16.  fig.  8. 

Pholadomya  cuneata,  Sow  

 Koninckii,  Jtytf  (?)  (L)  

Pinna   

Ringicula  tnrgida  

Saiwmolarii  Bdvardsii,  Mor.  pL  16. 
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c  Common  >                    r  Ran. 
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ce  Very  common.             rr  Very  rare 
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tec  Very  abundant. 
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MlSClLLANSA. 
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Traces  apparently  of  Crustaceans ...... 

rr 
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Traces  of  carbonized  plants  and  frag- 

mentary vegetable  impressions   

ce 

St 

* 

Long  tabular  casts,  probably  fucoidal 

c 

• 

St 

* 

Sponge  spicula. 

Oviform  bodies,  filling  tubular  cavities 

(«.)  This  was  first  referred  to  the  Natica  labettata,  which  is  quoted  by  M.  d'Ar- 
chiac as  occurring  in  his  "  Sables  Inferieurs,"  but  not  in  the  lower  stage  of  it. 
M.  Melleville  also  gives  it  from  his  lowest  division  of  these  sands  near  Rheims. 

(a*.)  The  only  species  of  Dentalium  given  by  Nyst,  from  the  "  Systeme  Lande- 
nien," is  the  D.  ttrangulatum. 

(of*)  This  very  much  resembles  a  species  brought  by  Sir  Charles  Lyeil  from  the 
Lower  Tertiary  sands  ("  Systeme  or  Terrain  Landenien  "  of  Dumont)  of  Folx-les- 
Caves  in  Belgium,  but  the  specimen  is  a  cast,  and  not  sufficiently  perfect  for  posi- 
tive identification. 

(b.)  The  specimen  is  very  imperfect,  and  may  be  the  young  of  the  preceding  fine 
specimen,  which  is  in  the  collection  of  Mr.  Bowerbank.  M.  Nyst,  on  the  autho- 
rity of  Galeotti,  quotes  the  Sealaria  acuta  ?,  Sow.,  which  is  a  Barton  species,  from 
the  "  Terrain  Landenien  "  of  Folx-lei-Caves. 

[c.)  One  of  these  much  resembles  the^rca  dgwetsa,  Sow.,  which  occurs  in  the 
Woolwich  clay  beds. 

(d.)  M.  Nyst  figures  a  specimen  from  the  "  Terrain  Landenien "  of  Folx-les- 
Caves,  and  names  it  A.  magutiateratit.   It  closely  resembles  the  English  species. 

(e.)  M.  Melleville  gives  this  species  amongst  the  fossils  of  his  lowest  division  of 
the  "  Sables  Inferieurs." 

(/.)  It  is  doubtful  whether  this  be  not  the  species  figured  by  M.  Deshayes  as  the 
C.  tcutellaria,  a  species  mentioned  both  by  M.  D'Archiac  and  M.  Melleville  as  of 
not  uncommon  occurrence  in  the  lowest  division  of  their  "  Sables  Inferieurs." 
The  figure  given  by  Nyst  of  a  specimen  from  some  of  the  much  more  recent  Ter- 
tiaries  of  Belgium  is  probably  not  Deshayes's  species. 

(g.)  One  of  these  species  may  possibly  prove  to  be  the  Cytherta  Bellovacina, 
Desh.,  which  Deshayes  states  to  be  common  in  parts  of  the  "  Sables  Inferieurs  " 
of  the  North  of  France.   M.  Melleville  also  gives  it. 

(A.)  This  is  also  a  characteristic  species  of  the  "Sables  Inferieurs"  of  the  North 
of  France.  M.  d'Archiac  places  it  m  his  3rd  division  (reckoning  upwards  from 
the  chalk) ;  M.  Melleville  in  his  lowest. 

($.)  M.  Nyst  figures  a  specimen  {L.  OaleotHana)  which  a  good  deal  resembles  the 
smaller  Pegwell  Bay  species.  Amongst  other  deposits  in  which  it  is  found,  he 
mentions  the  "  Terrain  Landenien." 

0-)  This  occurs  in  the  "  Sables  Inferieurs  "  of  Beauvais. 

(i.)  The  Panopaa  occurs  in  the  14  Systeme  Landenien "  of  Belgium,  and  in 
the  "  Sables  Inferieurs  "  of  France. 

(L)  This  is  apparently  the  P.  Konmckii  of  Nyst,  who  figures  it  as  a  characteristic 
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•bell  of  the  "  Terrain  Landenien."   The  P.  mmrpriimee*  U  also  mentioned  by 
Nyst  as  a  fossfl  of  the  M  Terrain  Landenien,"  and  by  D'Archiac  and  MeOavflk  as 
from  the  "  Sables  lnferieurs." 
(m.)  Resembles  the  Saxicava  Grignonenttt  of  Deshayes. 

We  have  therefore  in  the  Thanet  Sands  39  species  of  Testacea,  of 
which  24  are  determined.  Of  these  only  6  are  common  to  the  whole  of 
the  Eocene  series,  and  2  more  range  as  high  as  the  London  Gar. 
Of  the  remaining  16  peculiar  to  the  Lower  Tertiary  strata,  3  extend 
into  the  "  Basement-bed  "  of  the  London  Clay,  and  2  to  the  level 
of  the  Woolwich  group,  whilst  as  many  as  11,  or  nearly  one  half  of 
the  whole,  are  peculiar  to  the  Thanet  Sands.  The  distinction  is  not  to 
be  attributed  to  different  conditions  of  the  waters,  for  although  at 
Woolwich  this  has  necessarily  operated  by  excluding  the  more  marine 
species  and  introducing  in  their  place  others  of  fluvuitile  and  sesroarine 
origin,  still  in,  and  adjoining,  the  Isle  of  Thanet,  both  the  middle  and 
upper  divisions  of  the  Lower  London  Tertiaries  are  marine,  and  con- 
sequently the  conditions  in  this  respect  of  the  three  groups  are  equal, 
and  still  the  difference  of  fauna  hojds  good. 

Annexed  are  the  detailed  sections  of  the  two  localities  where  the  Thanet  Sand* 
are  most  fossiliferoos  (the  RecuWers  excepted).  Their  relation  to  the  other  pans 
of  the  Lower  London  Tertiaries  is  shown  in  sections  1,  2,  &  3,  PL  XV. 


Fig.  4  Section  of  part  of  the  Cliff  at  PegwtU  Bay,  near 

Ramsgate.    (#  in  Section  1,  PI.  XV.) 


foe. 

1.  Drift  of  light-coloured  brick-earth,  with  a  thin  irregular  seam  of  gravel* 

(angular  and  small  round  flints),  mixed  with  broken  fragments  of  the 
shells  of  the  underlying  beds,  at  its  base   4-4 

2.  light  yellow  slightly  clayey  sand  with  shells  in  layers  and  patches;  "«," 

tabular  masses  of  fissile  micaceous  calcareous  sandstone,  with  lew 
shells,— a  Tery  small  Corhulm  often  occurs  in  great  abundance;  "a," 
small  calcareous  concretions,  in  which  the  Pkolmiomym  KmumcJtU  is  not 
uncommon ;  "  c"  large  concretionary  blocks,  often  ▼cry  argillaceous ; 
their  lower  surface  frequently  presents  masses  of  shells,  especially  the 
Cyprina  MorrinL   Traces  of  Plants  occur  both  in  M  *  "  and  44  c."    It 

3.  Grey  clayey  sands,  rather  dark  when  wet,  but  lighter-coloured  when  dry 

(the  upper  part  especially  looking  at  a  distance  almost  like  chalk), — the 
lower  part  is  more  argillaceous  and  darker;  "4,"  a  seam  of  my  day 
with  shells  in  patches ;  "  t,"  a  thin  layer  of  impure  greensand  roll  of 
Tery  friable  shells.  Sereral  shells,  especially  the  Pkobdomym  nmmtm,  a 
Nutria,  and  the  small  Cytkerta,  together  with  frequent  traces  of  plants, 
are  dispersed  in  some  abundance  and  in  a  good  state  of  preservation 
throughout  this  bed,  "  3  "   15 
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Fig.  5. — Section  of  the  Sand-pit  by  the  tide  of  the  Railway  at 
Richborough  Castle,  near  Sandwich. 


Feet. 

1.  Light  brownish-yellow  clayey  sand  with  a  few  very  scarce  and  not 

determinable  bivalve  shells    3 

"2.  Very  sandy  light  brownish-grey  clay  full  of  small,  rough,  twig- 
like fragments  or  pieces  of  iron  sandstone,  with  cores  of  yellow 
sand,  and  having  the  appearance  of  vegetable  origin, — contains 

a  very  few  and  very  small  black  flint-pebbles   2\ 

3.  Very  light  and  loose  ash-green  sand,  rather  fine, — in  some  places 
coarser,  with  one  thin  seam  of  shells  (Corbula,  Glycimeris, 
and  Cyprma).  The  lower  part  contains  an  occasionally  ochreons 
layer.  A  few  small  round  flint-pebbles  are  dispersed  throughout. 
The  lower  part  of  this  stratum  has  taken  up  part  of  the  under- 
lying bed,  and  the  line  of  separation  is,  therefore,  not  very  sharply 

marked    8 

9  4.  Rather  bright  ochreous  clayey  sand,  passing  down  into  a  light  brown- 
ish yellow  colour,  in  some  parts  with  seams  of  sandy  clay.  Casts  of 
shells  are  common  in  this  bed,  but  more  particularly  in  the  lower 

and  more  argillaceous  part  of  it    7 

5.  Light  yellow  loamy  sand  with  shells  in  irregular  layers  and  patches 
on  the  left  hand  of  section.  They  are  very  abundant — in  some 
places  in  fragments,  in  other  places  whole  and  perfect,  but  ex- 
tremely friable    4 

Beyond  this  a  bed  of  hard  semi-indurated  sand,  3  feet  thick,  with  a  few  shells, 
rises.   Argillaceous  beds,  not  well  exhibited,  succeed. 

The  surface  on  the  top  of  this  section  consists  of  about  1  foot  of  earth,  with  a 
few  pebbles,  chiefly  the  rounded  ones.  The  hill  rises  at  the  back  about  10  feet 
higher,  but  no  section  is  exposed.  Small  round  flint-pebbles  are  numerous  on  the 
surface  of  the  hill. 

4.  Conclusion. 

From  the  facts  brought  forward  in  the  preceding  pages,  but  which, 
with  regard  to  the  middle  division  of  the  Lower  London  Tertiaries, 
will  be  described  more  in  full  hereafter,  it  appears  that  while  this 
latter  group  exhibits  on  the  same  horizon,  a  fauna  at  one  place 
marine,  at  another  sestuarine,  and  at  last  passing  into  one  chiefly 
fluviatUe,  the  Thanet  Sands  maintain  within  the  same  area  a  uniform 
marine  character.  In  its  range  westward  the  fossils  are  certainly  few, 
but  still  the  occurrence  of  the  Pholadomya,  which  is  never  found  in 
the  Woolwich  clays  and  conglomerates,  or  in  the  sands  interstratified 
with  the  mottled  clays,  but  is,  as  before  mentioned,  met  with  in  the 
sands  beneath  the  shelly  fluviatile  beds  at  Woolwich  and  Charlton, 
affords  an  unmistakeable  proof  of  the  different  conditions  under  which 
the  two  divisions  were  formed.  Taking  therefore  these  facts,  in 
conjunction  with  the  persistent  lithological  character  of  the  lower 
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deposit,  and  the  irregularity  in  this  respect  of  the  other  group,  we  are, 
I  think,  justified  in  maintaining  over  the  whole  area  the  diikknu 
which  we  have  found  more  evident  and  marked  further  eastward,  and 
in  assigning  to  the  lower  one  a  distinct  and  separate  place  in  tk* 

Eocene  series. 

Bearing  upon  this  question  is  another  point  of  physical  structure, 
the  details  of  which  will  be  given  at  length  in  my  next  paper,  bat 
which  I  may  briefly  allude  to  here.  It  has  been  mentioned  that  the 
upper  part  of  the  Thanet  Sands  is  usually  light-coloured  and  very 
uniform  in  texture,  whilst  in  many  places  the  lowest  bed  of  the  over- 
lying division  consists  of  rounded  black  flint-pebbles  imbedded  in  t 
coarse  green  sand.  When  their  mineral  characters  are  thus  perfect)? 
distinct,  the  worn  and  indented  line  of  junction  of  the  two  groups  a 
often  very  marked.  Sometimes  it  seems  as  if  the  mud  and  pebbles 
of  the  upper  bed  had  been  driven  and  tpUuked  into  the  soft  upper 
surface  of  the  underlying  "Thanet  Sands."  All  the  phaenomem 
point  in  the  same  direction,  and,  taken  generally,  go  to  prove  a  chance 
of  conditions  between  the  two  periods.  In  the  one  case  we  have  a 
deposit,  littoral  probably,  but  distinctly  marine,  and  in  the  other  a 
variable  accumulation  of  coeval  marine,  sestuarine,  and  flu  viator 
strata. 

At  the  same  time  it  is  to  be  observed,  that  when,  as  frequently 
happens,  neither  division  contains  anv  fossils,  if  some  of  the  other 
distinctive  features  are  wanting,  and  the  upper  group  becomes  more 
arenaceous,  lighter  in  colour,  and  the  conglomerates  more  diffused, 
the  separation  of  the  two  groups  is  sometimes  extremely  difficult,  for 
they  seem  to  pass  one  into  the  other  and  to  form  a  senes,  the  upper 
part  of  which  is  hardly  distinguishable  in  general  appearance  front 
the  lower  *.  It  is  only  when  the  characters  of  one  or  the  other  be- 
come, as  it  were,  more  concentrated,  that  the  separation  is  dearly 
marked. 

There  is  an  objection  to  these  subdivisions  which  mar  at  once 
strike  those  who  have  been  accustomed  to  view  the  "  Fustic  Clay 
Formation "  as  a  whole  and  as  a  series  of  recurring  strata,  arising 
from  the  occurrence  at  the  base  of  the  " Thanet  Sands"  of  Wool- 
wich and  Upnor,  as  well  as  of  the  "  Mottled  Clays"  of  Reading  and 
Newbury,  of  the  layer  of  argillaceous  greensand  with  the  rough  sjreen- 
coated  flints,  reposing  throughout  the  range  of  both  divisions  imme- 
diately upon  the  chalk,  and  presenting  throughout  very  similar  mineral 
characters.  This  common  character  has  always  been  considered  an 
argument  in  favour  of  the  synchronism  of  the  two  groups.  At  the 
same  time  it  did  not  escape  observation  that  the  0*trt*  BeUormeia* 
was  never  found  in  this  bed  in  Kent,  whereas  it  was  common  at 
Reading  and  Newbury ;  but  as  even  elsewhere  in  the  latter  district 
the  occurrence  of  this  fossil  was  by  no  means  a  constant  character; 
its  absence  altogether  in  the  former  district  was  naturally  not  con- 

*  Even  at  the  Reculver  Cliff,  notwithstanding  the  occurrence  of  organic  mam, 
thii  is  particularly  the  case,  owing  apparently  to  the  materials  of  the  apper  bed  af 
the  Thanet  Sands,  having  become  mixed  up  with  the  lower  part  of  the  otaljisa, 
division. 
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sideted  very  material*.  It  seems  to  me,  however,  that  the  oysters 
are  not  part  of  the  flint  bed,  but  were  deposited  upon  it — sometimes, 
where  little  sand  intervened,  in  contact  with,  or  even  partly  amongst, 
the  flints— at  other  times,  and  which  is  more  commonly  the  case,  as 
a  separate  and  distinct  layer  overlying  the  flints.  I  believe  that  this 
oyster  bed  belongs  to  the  lowest  part  of  the  central  division  of  the 
"  Lower  Tertiaries."  It  has  already  been  observed  that  this  part  of 
that  group  often  consists  of  coarse  argillaceous  green  sands  mixed  with 
more  or  fewer  round  flint-pebbles ;  therefore  when  this  stratum  comes 
into  contact  with  the  one  containing  the  green-coated  flints,  the  simi- 
larity of  the  matrix  in  either  case  is  such  as  to  render  it  difficult  to 
draw  any  line  of  demarcation  between  them.  Now  with  the  oysters 
are  almost  always  associated  small  rounded  flints,  which  do  not  occur 
with  the  green  flints  beneath  the  "  Thanet  Sands,"  and  the  two  forms 
of  the  flints  exhibit  the  results  of  physical  causes  so  entirely  distinct 
that  they  cannot  possibly  be  the  result  of  the  same  agency  :  the  enor- 
mous wear  necessary  to  produce  so  perfect  a  form  as  the  ordinary 
round  flint-pebble  could  never  have  left  the  great,  massive,  angular, 
green-coated  flints  as  it  were  unscathed ;  nor  could  the  powerful  but 
transient  action  necessary  to  uproot  these  flints  from  the  chalk  have 
sufficed  to  wear  down  and  give  finish  to  the  more  perfectly  rounded 
pebbles.  These  latter,  after  having  been  worn  down  elsewhere,  must 
nave  been  spread  over  the  former  at  a  subsequent  period,  and  mingled 
with  the  Ostrea  Bellovacina  which  was  then  living  on  the  spot. 

Still  it  is  evident,  from  the  peculiar  and  distinctive  character  of 
these  large  angular  flints  lying  on  the  chalk  throughout  the  tertiary 
area,  that  their  accumulation  is  attributable  to  one  and  the  same 
cause— that  their  uprooting  and  dispersion  must  have  been  contem- 
poraneous over  the  whole  district.  After  this  they  were,  in  the  in- 
stance of  the  Kentish  area,  covered  by  a  thick  deposit  of  sands,  which 
did  not  extend  into  the  Berkshire  areaf  (fig.  1  &  3,  supra),  or  else 
they  have  been  subsequently  denuded  throughout  the  latter  district 
and  this  basement-bed  alone  left,  and  re-covered  immediately  by  the 
lower  beds  of  the  upper  series,  into  the  composition  of  which  coarse 
green  sands  so  often  largely  enter,  forming  therefore  with  the  green- 
coated  flint-bed  a  consecutive  mineral  series,  not  distinguishable  from 
one  another  when  viewed  as  a  local  phenomenon £.   This  thinning 

*  At  the  same  time  the  Ottrta  BeUovacma  was  known  to  occur  at  Woolwich, 
in  the  upper  and  middle  beds ;  at  Bromley  in  some  intermediate  beds ;  and  at 
Northaw  and  Hertford  in  beds  immediately  upon  the  chalk  and  under  a  con- 
siderable thickness  of  sands — facts  supposed  to  show  the  irregular  dispersion  of 
this  shell  throughout  the  whole  series,  as  well  as  the  irregular  grouping  and  distri- 
bution of  the  strata. 

f  The  green-coated  flints  extend  into  the  Hampshire  tertiary  district  There- 
fore the  sea  of  the  earliest  tertiary  time  may  have  extended  over  all  this  area, 
although  the  accumulation  of  strata  was  afterwards  interrupted,  or  the  Thanet 
Sands  have  been  denuded. 

X  Since  writing  the  above,  I  am  however  informed  by  Mr.  Lunn  that  he  has 
found,  in  the  green-flint  bed  immediately  over  the  chalk  at  Charlton,  remains  of 
shells,  apparently  oysters,  but  in  too  fragmentary  a  condition  for  exact  determina- 
tion ;  also  that  the  workmen  showed  him  a  large  and  perfect  Specimen  of  an 
oyster  which  they  said  came  from  this  bed.  This,  however,  is  an  exceptional  case, 
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oat  of  the  Thanet  Sands  westward  of  London,  and  the  rise  of  the 
"Ostrea  Bellovacina  "  bed  of  Reading  from  the  surface  oftheChaft 
to  the  zone  of  the  Woolwich  fluviatue  series  at  London,  are  potato 
which  are  not  clearly  exhibited  in  open  sections,  but  which  are  Better 
made  out  by  the  sections  afforded  by  the  wells  to  the  mat—id  of 
London.' 

Although  the  Thanet  Sands  are  limited  in  their  range  wutwaid  to 
about  the  parallel  of  Windsor,  yet  with  regard  to  their  range  las!  int 
ft  is  probable  that  they  attain  a  more  important  development  in  the 
north  of  France  and  Belgium  than  in  England.  I  have  seen  thai  m 
the  neighbourhood  of  Calais,  where  they  underlie  the  London  day, 
and  from  the  description  of  M.  Galeotti*  and  Omalius  D'HaBoy +,  k  ■ 
probable  that  the  beds  overlying  the  chalk  at  Tournay  belong  to  thai 
same  age.  The  Pkoladomya,  Panopaa,  Jstarte,  and  CmauUtm  ate 
there  found  in  beds  of  nearly  the  same  mineral  characters,  hot  their  as- 
sociates are  species  which  do  not  occur  in  England.  There  ia,  buwem, 
apparently  some  error  in  the  lists  of  these  shells.  When  the  ranks 
of  M.  Dumonfs  admirable  researches  are  better  known,  the  compari- 
son  of  these  lower  tertiaries  will  be  readily  made.  He  has  ahead* 
published  a  sketch  of  the  co-relations  of  the  Belgian  with  the  French 
and  English  tertiaries  J,  but  as  it  is  unaocompanied  by  sactinm  and 
without  lists  of  organic  remains,  I  cannot  judge  of  its  accuracy,  la 
his  visit  to  this  country  last  summer,  he  pointed  out  to  me  the  aawj 
characters  common  to  these  Thanet  sands  and  to  his  "  T  andrai— 
System,"  which  occupies  the  same  position  in  the  Belgian  series  $ . 

The  recent  visit  of  Sir  Charles  Lyell  to  Belgium  will,  I  have  as 
doubt,  remove  the  uncertainty  which  we  feel  respecting  the  onssir 
remains,  and  throw  light  on  the  relations  of  the  English  with  tht 
Belgian  tertiaries, — a  point  of  much  interest,  as  these  two  series  are 
evidently  much  more  closely  related  than  the  English  are  with  the 
French  series. 

The  lower  tertiary  beds  in  France  have  been  described  by  M.  EEt 

at  I  have  never  myself  found  any  traces  of  shells  in  this  bed  in  the  numerous  lec- 
tions of  it  I  have  examined  throughout  Kent,  nor  can  I  bear  of  their  having  been 
observed  by  others.  It  isf  however,  quite  possible  that  the  Ortrt*  Jfrftiiiaraan,  m 
some  other  large  species  of  oyster,  may  occur  in  the  Thanet  sands,  as  seven! 
ipecies  of  shells  are  common  to  this  and  the  overlying  group.  1  have,  in  tact,  nv 
cently  found  a  fragment  of  a  large  oyster  in  the  lower  part  of  these  saada,  asar 
Javersham,  but  it  is  evidently  not  the  O.  Bulhvtcmw 

*  Mem.  de  l'Acad.  de  Bmzelles,  voL  xiL  1837,  and  also  his  separate  work  «a 
the  geology  of  Brabant. 

t  Coup  d'osil  sur  la  Geologic  de  la  Belgique,  1842. 

X  Rapport  sur  lestravauzde  laCarteGeol.de  la  Belgique,  1839,  in  the  B*B.  St 
l'Acad.  Roy.  de  Bruxelles,  voL  vi.  p.  11.  Ibid.  vol.  xvi  1849.  44  Sur  la  |insitiim 
geologique  de  l'Argile  Rupelieane,  et  sur  la  synchronisme  des  Formalin—  Mr- 
tiaires  de  la  Belgique,  de  V Annieterre,  et  du  Nord  da  la  Franca,"  Ibid.  toL  xvsa. 
No.  8, 1851. 

§  Since  writing  this  paper  I  have  visited  the  "  Systeme  Landenk*,"'  m  tht 
neighbourhood  of  Mons  and  Tournay,  and'  perfectly  agree  with  M.  Dnrnvsnt  in 
considering  it  synchronous  with  the  "  Thanet  sands."  His  determination  of  the 
order  of  superposition  of  the  Belgian  tertiaries  seems  as  skilful  as,  there  is  every 
reason  to  believe,  it  is  accurate.  I  had  not,  howerer,  an  opportunity  of  risniissng 
any  but  the  lower  divisions  of  the  Tertiary  series. — if  ay  1852. 
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de  Beaumont  *.    He  particularly  notices  the  chloritic  sands  in  the 


numerous  detached  outliers,  and  discusses  their  relations  to  the  lig- 
nites of  the  Soissonnais  and  to  the  Calcaire  grassier.  M.  D'Archiac 
has  since  distinguished  these  sands  under  the  designation  of  the 
"  Glauconie  inferieure,"  constituting  the  sixth  or  lowest  division  of  his 
44  Sables  inferieurs,"  which  include  all  the  beds  between  the  Calcaire 
grassier  and  the  Chalk  f.  It  is  with  this  group  that  the  Thanet  Sands 
appear  to  me  to  bear  the  closest  resemblance,  although  there  are  some 
anomalies  in  the  evidence  afforded  by  organic  remains.  The  only 
fossils  quoted  by  M.  D'Archiac  from  these  sands  are  casts  of  the 
Cyprina  Scutellaria,  a  Serpula,  a  species  of  Sponge,  bones  of  Emydes 
and  of  a  small  carnivore  (Pakeocion  prinuevus,  Blainv.) ;  whereas 
amongst  the  shells  which  he  mentions  as  characterizing  his  fourth 
division  of  the  "  Sables  inferieurs "  (Gres  et  Sables  coauilliers)  are 
the  Cucullaa  crassatina  and  Corbula  langirostris,  the  former  one  of 
the  most  characteristic  species  of  the  Thanet  sands.  With  them  are 
associated  the  Ostrea  Bellovacina,  two  species  of  Venericardia,  Nu- 
cula  fragilis,  Cyprina  Scutellaria,  &c.  These  two  divisions  are  sepa- 
rated by  the  "  Lignites  and  Argile  plastique." 

Some  marine  beds,  far  more  rossiliferous  than  the  above,  have  been 
described  by  M.  Melleville  J  and  M.  Hebert  §  in  the  departments  of 
the  Aisne  and  the  Marne.  M.  He'bert  considers  that  this  deposit  is  syn- 
chronous with  the  sands  of  Bracheux  and  Abbecourt,  and  that  they 
both  underlie  the  lignites  and  repose  immediately  upon  the  chalk, 
except  where  the  "Sables  de  Hilly"  and  the  "Calcaire  pisolitique " 
intervene.  M.  d*  Archiac  on  the  contrary  is  of  opinion  that  these  beds, 
equally  with  those  of  Bracheux,  &c,  are  higher  in  the  series,  and 
above  the  "Lignites  and  Argile  plastique  ||." 

In  this  uncertainty,  and  pending  a  fuller  description  of  the  fossils 
of  these  lower  marine  tertiaries  in  France,  it  would  be  premature  to 
conclude  with  which  one  or  more  of  these  beds  the  "  Thanet  Sands  " 
are  the  exact  equivalent,  although  I  have  no  doubt  of  its  including 
the  "Glauconie  inferieure"  of  the  more  northern  parts  of  France, 
but  where  unfortunately  this  stratum  is  comparatively  unfossiliferous^T. 

Neither  the  "  Glauconie  inferieure "  nor  the  lower  marine  sands 
range  to  the  south  of  the  parallel  of  Paris. 


*  "  Sur  l*Etendue  du  Systeme  Tertiaire  inferieur  dans  le  Nord  de  la  France/' 
Me*m.  Soc  GeoL  de  France,  vol.  i.  p.  107, 1833. 

t  Boll.  Soc  GeoL  de  France,  voL  vi.  p.  240, 1835 ;  Ibid.  vol.  x.  p.  173,  1839  ; 
and  Hist,  des  Progres  de  la  Geologie,  vol.  ii.  p.  599, 1848. 

X  Bull.  Soc.  GeoL  de  France,  voL  ix.  p.  214, 1838.  Ann.  des  Sciences  GeoL 
vol.  ii.  p.  7,  1845. 

§  Bull.  Soc.  GeoL,  2nd  series,  voL  v.  p.  388, 1848 ;  voL  vi.  p.  695  et  teg*,  1849 ; 
and  vol.  vii.  p.  338, 1850. 

U  Hist,  des  Progres  de  la  GeoL  voL  ii.  p.  607. 

<f  Several  other  local  works  may  be  consulted  with  advantage  on  this  subject ; 
amongst  them  are  those  of  M.  Buteux  on  the  Department  of  the  Somme,  and 
M.  Graves  on  the  Department  of  the  Oise. 


north  of  France  as  constantly 


the  chalk  and  forming 


s2 


256 


PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.     [Apr.  21, 


General  considerations  respecting  the  distribution  of  land  mad 
water  in  the  English  Tertiary  area  at  the  commencement  of  the 
Eocene  period. — In  no  part  of  the  tertiary  area  of  the  sooth  of 
England  is  there  any  indication  of  a  passage  either  in  mineral  struc- 
ture or  in  organic  remains  between  the  Chalk  and  the  Tertiary  tenet. 
With  regard  to  the  physical  conditions,  the  change  is  most  marked 
and  abrupt.  Extensive  and  deep  wear  of  the  chalk  evidently  took 
place  before  the  commencement  of  the  lowest  Eocene  deposits.  In  the 
neighbourhood  of  Calais,  at  St.  Vallery-sur-Somme,  Pegwell  Bay, 
Upnor,  Woolwich,  Stortford,  and  thence  to  Reading,  Newbury,  Sam- 
bury,  Newhaven,  and  Alum  Bay,  the  chalk  invariably  presents  a  wort 
though  not  very  irregular  surface,  and  is  strewed  over,  as  before  men- 
tioned, with  those  peculiar  green-coated  flints.  This  mass  of  flints, 
although  generally  not  above  l*to  2  feet  thick,  in  itself  indicates  a 
wide  destruction  of  the  chalk.  But  independently  of  this,  another 
denudation  had  probably  previously  worn  down  a  very  large  mass  of 
the  chalk  along  the  southern  boundary  of  the  London  tertiary  area. 
In  this  direction  all  the  upper  beds,  and  a  large  portion  of  the  middle 
beds  of  the  chalk,  have  been  removed ;  and  it  is  probably  owing  to 
this  cause  that  the  chalk,  which  has  been  ascertained  to  be  above 
1000  feet  thick  at  Saffron  Walden,  and  is  apparently  about  800  to 
900  feet  thick  at  Luton  and  along  its  northern  line  of  escarpment, 
becomes  apparently  gradually  thinner  as  it  ranees  towards  London, 
and  eventually  becomes  reduced  at  the  edge  of  the  escarpment  over- 
looking the  Weald  to  a  thickness  not  exceeding  on  the  average  400 
ftet  *.  The  following  diagram  (fig.  6),  which  gives  the  general  re- 
presentative section,  independently  of  the  exact  conformation  of  the 
surface,  from  Saffron  Walden  to  the  chalk-escarpment  above  God- 
stone,  exhibits  the  structure  of  the  chalk  here  referred  to : — 

Fig.  6. — Diagram  to  illustrate  the  thinning  out  of  the  Chalk  im  the 
direction  of  the  axis  of  the  Weald. 
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A.  Relative  position  of  Saffron  Walden. 
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*  At  Buahey  near  Watford  the  chalk-marl  was  reached  at  a  depth  of  teat  i 
400  feet  beneath  the  tertiariea,  and  at  London  the  lower  chalk  without  mats  < 
mences  at  about  250  feet  below  the  surface  of  the  chalk,  which  is  here,  as 
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It  therefore  appears  that  the  chalk  was  extensively  denuded  before, 
or  at  the  commencement  of,  the  deposition  of  the  oldest  tertiaries, 
and  that  this  denudation  was  stronger  towards  the  south  than  the 
north ;  consequently  the  chalk,  to  have  been  brought  within  the 
action  of  these  denuding  forces,  must  have  had  its  surface  more  ex- 
posed in  one  direction  than  in  the  other,  and  have  undergone,  even 
at  this  early  period,  in  order  to  have  become  so  exposed,  an  elevation 
to  the  south  of  the  tertiary  area  and  about  parallel  with  the  escarp- 
ment of  the  North  Downs.  The  phenomena  in  the  Hampshire  ter- 
tiary district  seem  to  be  very  similar ;  although,  from  the  complete 
denudation  of  the  South  Downs,  tertiary  outliers,  like  those  on  the 
North  Downs,  are  wanting,  still  there  are  indications  of  the  lower 
tertiary  beds  having  spread  over  the  chalk.  It  follows  therefore  that 
if  the  ratio  of  decrease  in  the  thickness  of  the  chalk  were  continued 
from  Hertfordshire,  then  beneath  the  London  tertiaries,  and  across 
the  North  Downs,  to  the  Wealden  area  (before  its  denudation),  it  is 
probable  that,  before  reaching  the  centre  .(a?)  of  the  latter  district,  the 
chalk  had  either  thinned  out  altogether  or  else  existed  merely  as  a  thin 
crust ;  and  consequently  that  an  elevation  of  the  lower  cretaceous  and 
Wealden  series,  intermediate  between  the  London  and  Hampshire 
tertiary  districts,  or  in  fact  in  the  position  of  the  present  Weald,  had 
already  taken  place  before  any  of  the  tertiary  beds  were  deposited. 

It  may  be  objected  that  the  elevation  of  tnis  central  Wealden  mass 
already  existed  before  the  chalk  was  deposited, — that  it  was  a  shoal 
in  the  old  chalk  sea, — and  even  that  the  cretaceous  series  formed 
originally  but  a  thin  covering  over  this  part  of  the  old  sea-bed,  and  only 
attained  their  full  development  as  the  water  became  deeper  towards 
the  north.  If  this  however  were  the  case,  there  would  be  an  over- 
lapping in  some  part  of  the  series,  and  we  should  further  have  the 
lower  cretaceous  beds  (1  &  2,  fig.  7)  wrapping  round  this  shoal  with 
a  thickness  gradually  increasing  as  we  receded  from  it  into  deeper 
water,  so  that  on  the  edge  of  the  shoal  itself  the  lower  beds  would  be 
necessarily  very  thin  or  wanting,  whilst  we  should  have  in  the  upper 
beds  of  the  chalk  near  this  centre  (a)  indications  of  a  littoral  zone. 

But  we  find  both  the  Gault  and  Upper  Greensand  on  the  whole  as 
well  developed  in  Kent  and  Sussex  (y,  fig.  8)  as  in  Cambridgeshire  and 
Bedfordshire  (x).  Nevertheless  there  is  a  change  in  the  Lower  Chalk 
— the  Clunch  of  the  latter  counties  is  evidently  a  far  thicker  and  more 
important  rock  than  the  Lower  Chalk  of  the  former  counties.  It  is 
therefore  not  improbable  that  there  was  a  slow  and  quiet  movement 
of  elevation  in  Kent,  or  of  depression  in  Cambridgeshire,  and  whose 
commencement  might  date  from  changes  that  took  place  at  the  end 

known,  covered  by  100  to  200  feet  of  tertiary  strata.  From  Croydon  and  Epsom, 
towards  Merstham  and  Dorking,  there  is  evidence  indicating  that  the  chalk  is  pro- 
bably not  more  than  400  to  500  feet  thick,  whilst  on  the  summit  of  the  North 
Downs  overlooking  Godstone,  Reigate,  and  Dorking  there  are  outliers  of  the  lower 
tertiary  bed$,  which  reach  to  the  very  edge  of  the  escarpment  overlooking  the 
aremsand  district ;  and  from  measurement  of  the  chalk  between  the  upper  green- 
sand  and  the  base  of  these  tertiaries,  I  find  that  at  Dorking  and  Reigate  the  chalk 
is  not  above  400  to  450  feet  thick,  whilst  above  Godstone  it  does  not  exceed  a 
thicknett  of  feet. 
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Fig.  7. — Diagram  showing  the  conditions  that  would  hare  resulted 
from  the  deposition  of  the  Cretaceous  Beds  on  the  edge  of  a  saW 
formed  by  the  previous  elevation  of  the  Weald. 


a.  Elevated  bum  of  the  Weald. 
*.  Cretaceous  beds. 


w&ttst  the  Up 
upon  the  Wa 


Fig.  8. — Diagram  showing  the  relative  thickness  of  the  Lower  Creta- 
ceous beds,  and  the  denudation  of  the  Chalk,  over  the  Weald. 


e.  Chalk. 
«\  e.  Upper  Greensand  utd  Gaalt. 

(The  lower  beds  of  Chalk  below  n  thoold  here  been 
Lower  Greensand  rather 

of  the  Upper  Greensand  period  and  at  the  dawn  of  that  of  the  Chalk; 
still  it  was  not  of  that  extent  to  prevent  the  extension  orer  the  soothers 
area  of  an  important  mass  of  lower  chalk  and  of  the  middle  chalk  with 
flints.  Neither  the  upper  nor  the  lower  chalk,  however,  possess  that 
great  development  which  they  do  in  Herts  and  Cambridgeshire — the 
one  apparently  having  been  removed  by  denudation,  and  the  other 
originally  deposited  in  a  thicker  mass. 

On  either  alternative,  of  a  depression  in  Cambridgeshire  or  an  ele- 
vation in  Kent,  the  result  would  still  be  the  same,  in  that  we  should 
have  the  chalk  surface  relatively  higher  and  nearer  to  the  sea-level  m 
the  latter  than  in  the  former  county.  This  would  favour  the  wear* 
ing  down  of  the  chalk  by  the  action  of  the  sea  over  the  present  area 
of  the  Weald,  and  as  we  see  reason  to  believe  that  the  chalk  withia 
that  area  was  removed  or  reduced  to  a  thin  shell,  it  is  piobabie  that 
some  of  the  underlying  beds  of  the  green-sand  or  even  or  the  Wealdea 
might  have  become  exposed  to  the  denuding  action.    See  fig.  8. 

There  is  no  appearance,  however,  in  the  Lower  Tertiaries  of  debris 
derived  from  any  large  mass  of  clay  such  as  the  Wealden,  whereas 
the  light-coloured  sands,  with  traces  of  greensand  and  occasionally 
of  carbonate  of  lime,  forming  the  Thanet  Sands,  have  a  mineral  cha- 
racter perfectly  harmonising  with  a  reconstruction  out  of  the  Upper 
Greensand  chiefly,  with  the  Gault  and  upper  part  of  the  Lower  Gveea- 
sand  partially.  It  would  thus  seem  that  only  these  portions  of  the 
lower  cretaceous  series  had,  together  with  the  Chalk,  at  that  time  bees 
raised  to  the  surface,  and  furnished  materials  for  the  Thanet  Sands. 
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Again,  we  find  in  the  next  or  middle  division  of  the  Lower  London 
Tertiaries  an  enormous  accumulation  of  round  flint-pebbles,  which, 
generally  speaking,  could  not  have  been  rolled  and  worn  into  their 

? resent  shape  on  the  spots  in  which  they  are  now  found.  They  were, 
believe,  formed  during  the  deposition  of  the  Thanet  Sands,  and  after* 
wards  spread  out  by  other  operations  on  the  surface  of  these  sands 
and  incorporated  with  the  strata  formed  during  the  period  of  the 
Woolwich  and  Mottled  Clay  series  which  immediately  followed. 

From  the  foregoing  considerations  it  is  probable  that  there  was 
some  extent  of  dry  land,  possibly  an  island,  somewhere  intermediate 
between  a  line  drawn  on  the  north  from  Farnham  towards  Canter- 
bury, and  on  the  south  between  Winchester  and  Newhaven,  and 
extending  eastward  into  the  north  of  France  * ;  and  that  the  long- 
continued  wear  on  its  coast  accumulated  on  the  shores  extensive 
banks  of  pebbles,  whilst  the  finer  sediment  produced  at  the  same 
time,  in  conjunction  with  the  debris  brought  down  by  the  operation 
of  streams,  formed  at  a  distance  from  the  land  the  strata  of  this 
oldest  Eocene  epoch  f.  Diagram  fig.  8  illustrates  this  hypothetical 
view. 

One  reason  for  believing  that  this  land  formed  an  island  is,  that  had 
the  land  stretched  far  east  and  west  it  must  have  reached  beyond  the 
chalk-district,  and  it  is  more  than  probable  that  the  currents  and  tides 
of  the  sea  would  then  have  drifted  the  shore-pebbles  from  the  older 
rocks  in  one  of  these  directions,  and  mixed  them  up  with  those  derived 
from  the  flints  of  the  chalk,  along  some  parts  at  all  events  of  the  line 
of  coast ;  whereas  in  an  island  the  cliffs  of  which  consisted  exclusively 
of  chalk  or  of  soft  beds  of  greensand  (if  without  drift-gravel),  the 
flints  would  form  the  only  material  capable  of  resisting  long  wear  and 
of  furnishing  the  beach-shingle  $•    On  this  view  alone  can  I  account 

*  In  his  memoir  "  Sur  l'Etendue  du  Syst£me  Tertiaire  inferieure  "  in  the  north 
of  France,  M.  Elie  de  Beaumont  arrives  also  at  the  same  conclusion  respecting  the 
existence  of  an  island  in  the  position  of  the  present  Wealden  and  Boulonnais  during 
the  formation  of  the  Lower  Tertiaries  period,  and  gives  a  sketch  of  the  geography 
of  that  period.  (Mem.  Soc  GeoL  de  France,  voL  i.  p.  Ill,  and  pi.  7.  fig.  5.) 

f  The  extent  of  this  land,  however,  I  believe  to  have  been  small  compared  with 
that  of  the  period  of  the  Woolwich  fluviatile  and  estuarine  deposits,  for  all  the 
remains  of  plants  are  in  a  very  fragmentary  state  and  not  in  any  mass,  as  though 
large  rivers  were  wanting  and  the  land  were  drained  merely  by  small  streams  and 
torrents ;  in  confirmation  of  which  view  it  is  to  be  observed  also  that  there  are  no 
distinct  river-deposits  with  fluviatile  shells  in  the  Thanet  sands,  which  fact  shows 
that  the  materials  were  either  derived  from  the  wear  of  the  coast  or  from  small 
streams  which  would  not  effect  the  uniformity  of  character  of  the  marine  deposit. 
This  might  require  an  immense  period  of  time,  but  of  this  we  have  evidence  in  those 
really  wonderful  accumulations  of  rounded  flint-pebbles  before  mentioned.  Further, 
we  know  that  the  Thanet  sands  are  spread  much  more  widely  over  the  chalk  than 
are  the  fluviatile  series,  in  consequence  probably  of  a  further  elevation  of  the  land 
and  the  conversion  into  dry  land:  of  part  of  the  adjacent  sea-bottom  at  the  latter 
period. 

X  There  is,  I  am  aware,  some  difficulty  in  determining  the  origin  of  these  round 
flint-pebbles.  They  are  evidently  chalk-flints,  but  they  present  some  characters 
rather  distinct  from  those  of  the  ordinary  chalk-flints  of  the  neighbourhood  of 
London.  The  fossils  found  in  them  are  very  scarce  and  not  very  conclusive. 
Mr.  Flower,  who  has  examined  with  great  care  large  numbers  of  these  peb- 
bles, considers  them  derived  from  some  more  distant  locality,  as  their  organisms 
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for  the  remarkable  freedom  from  all  admixture  of  pebbles  of  the  older 
rocks*  in  the  enormous  flint-pebble  beds  of  the  Lower  Tertiaries.  It 
is  to  be  observed  also  that  we  have  no  chert-pebbles,  which  may  arise 
from  its  more  splintery  structure,  or  from  the  sea  not  harms;  en- 
croached so  far  on  the  land  as  to  have  reached  the  cherty  beds  of  the 
lower  greensand. 

Thus  the  changes  in  the  remarkable  area  of  the  Weald  appear  to 
date  back  to  a  period  possibly  far  anterior  to  that  even  of  the  lowest 
tertiaries.  While,  however,  I  am  inclined  to  extend  the  action  of  the 
subterranean  forces  acting  along  that  axis  to  an  epoch  antecedent  to 
that  at  present  assigned  to  it,  I  at  the  same  time  consider,  with  many 
other  geologists,  that  the  chief  disturbances  are  of  comparatively  re* 
eent  date.  I  cannot  think  that  that  denudation  of  the  Weald  which 
tended  to  give  it  the  present  form,  or  even  its  main  features,  was  co- 
eval with  a  gradual  elevation  during  the  London  Clay  period,  and  that 
the  debris  of  the  Wealden  clays  drifted  out  during  this  prolonged 
denudation  supplied  the  materials  for  this  more  important  eocene 
deposit.  The  denudation,  or  denudations,  resulting  in  the  present 
peculiar  structure  of  the  Weald,  I  would  rather  place  in  the  newer 
pliocene  and  the  post-pliocene  periods  f.  Still,  as  before  mentioned,  I 
believe  that  a  portion  of  the  Weald  was  elevated  at  the  commence- 
ment of  the  tertiary  period,  and  that  there  was  a  lone-continued  and 
gradual  action  of  the  sea  on  that  coast  (during  probably  a  very  alight 
progressive  subsidence),  unaccompanied  by  the  operation  of  any  large 
rivers  from  the  land ;  for  the  spread  of  the  Thanet  Sands  appears  to 
have  been  effected  more  by  marine  currents  and  tidal  action  than  by 
river  transport,  if  we  can  judge  by  the  facts  stated  above,  that  no 
distinct  fluviatile  beds  have  yet  been  found  in  them,  and  that  their 
marine  character  is  preserved  over  their  entire  area.  Small  streams 
must  necessarily  have  existed,  but  none  of  power  sufficient  to  accu- 
mulate distinct  and  independent  groups  of  strata. 

The  changes,  therefore,  which  took  place  in  the  Weald  daring  this 
tertiary  period  were,  I  conceive,  confined  to  the  planing  down  of  the 
chalk  and  part  of  the  greensand,  whereby  a  large  mass  of  strata  was 
removed  from  this  area,— an  operation  which  must  have  greatly  faci- 
litated the  further  changes  which,  at  a  later  period,  ended  in  pro* 
ducing  the  existing  striking  configuration  of  the  surface. 

These  views  with  respect  to  the  distribution  of  land  and  water  at 
this  geological  epoch  are  in  some  measure  corroborated  by  the  evi- 
dence of  organic  remains,  for  it  is  curious  that  the  fauna  of  the 
Thanet  Sands  seems  to  indicate  that  the  temperature  of  the  sea  in 
this  district  was  rather  lower  than  at  the  subsequent  period  of  the 
London  Clay.  We  cannot  of  course  argue  conclusively  upon  this 
point,  but,  merely  viewing  the  question  generally,  the  limited  number  of 

differ  from  those  of  cbalk-flints  around  London.  I  hope  be  will  shortly  wmk* 
public  the  result  of  his  researches  on  this  subject. 

*  Except  a  very  few  quarts-pebbles  which  may  have  come  oat  of  the  chalk. 

t  I  do  not  here  enter  into  the  general  question  of  the  deration  of  the  Weald, 
is  thmt  will  form  part  of  a  paper  on  the  **  Drift "  of  the  South  of  £*gUnd,  wfcka 
I  hope  at  a  future  period  to  lay  before  the  Society. 
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species,  the  prevalence  of  Cyprina,  Astarte,  Glycimeris,  and  Thracia 
in  these  strata,  combined  with  the  absence  of  such  genera  as  Pyrula, 
Cancellaria,  Foluta,  Conus,  Mitra,  and  Pleurotoma,  of  the  numerous 
large  Cephalopoda,  and  other  animal  and  vegetable  products  of  a  pre- 
sumed warmer  climate,  which  abound  in  the  London  Clay,  rather  tend 
to  point  out  the  probability  of  a  lower  temperature  in  the  sea  of  the 
Thanet  Sands, — a  fact  in  unison  with  the  physical  evidence  of  a  sea 
open  apparently  to  the  north,  and  an  island  presenting  a  barrier  to 
the  south,  and  extending  probably  from  the  central  portion  of  the 
present  Weald  to  near  the  eastern  borders  of  France.  By  itself  this 
circumstance  would  not  be  entitled  to  much  weight,  but  as  it  has 
been  shown  that  the  physical  conditions  under  which  such  a  result  is 
possible,  are  in  themselves  probable,  we  may  not  unreasonably  view 
them  to  a  certain  extent  in  the  relation  of  cause  and  effect,  and  con- 
sider that  the  probabilities  in  favour  of  both  are  increased  by  the 
corroborative  testimony  thus  afforded. 

EXPLANATION  OF  PLATE  XV. 

The  following  sections  show  the  dimensions  and  position  of  the  Thanet  Sands 
at  intervals  in  weir  range  from  east  to  west, — from  the  point  where  they  are  best 
marked  to  that  near  to  which  they  disappear  beneath  the  London  Clay.  After  a 
range  of  a  few  miles  further  west,  they  thin  out  altogether  (fig.  3,  p.  236).  In 
soft  strata  of  this  description  the  pit-sections  are  rarely  permanent,  although  there 
are  some  which  are  at  present  good  and  illustrative.  The  sections,  therefore, 
selected  to  serve  as  types  are  those  which  appear  most  permanent,  two  of  them 
being  coast-sections  and  not  liable  to  any  very  great  change,  and  the  others  being 
works  opened  to  supply  a  constant  demand  and  likely  to  continue  to  be  worked  for 
many  years.  All  the  sections  are  actual  ones,  except  that  of  Woodnesborough  Hill, 
which  is  planned  from  surface-outcrops  and  wells,  and  is  introduced  to  show  the 
relation  of  the  sands  at  Richborough  to  the  outcrop  of  the  Chalk,  and  the  probable 
thickness  of  the  Thanet  Sands.  The  same  observation  applies  to  a  small  portion 
in  the  middle  of  the  Upnor  section  No.  4. 

Sect.  1.  Gives  a  view  of  the  end  of  the  Isle  of  Thanet  cliffs  adjoining  the  valley 
of  the  Stour.  Pegwell  Bay  is  about  two  miles  west  from  Ramsgate. 
Cliffs  of  chalk  only  are  continuous  round  the  other  parts  of  the  so-called 
island.  At  the  point  a  in  section,  a  remnant,  3  to  4  feet  thick,  of  the 
basement  bed  of  the  Thanet  sands,  with  the  usual  layer  of  green-coated 
flints,  reposes  upon  the  chalk.  Between  that  point  and  b  the  cliff  is 
a  good  deal  obscured  by  debris  and  the  slopes  made  for  the  road  which 
descends  to  the  beach;  and  at  b,  where  the  section  can  again  be 
resumed,  the  cliff  is  composed  entirely  of  the  tertiary  sands  and  drift, 
so  that  the  junction  of  the  chalk  with  this  mass  of  Thanet  sands  is  not 
seen.  From  the  dip  of  the  strata  at  a,  the  high  level  there  of  the  small 
portion  of  Thanet  sands,  and  the  position  of  the  main  mass  at  b,  it  is 
probable  that  a  fault  occurs  between  these  two  spots ;  I  have  not,  how- 
ever, seen  it  exposed. 

From  b  to  the  cliff  end  at  c  the  section  is  continuous,  and  shows  per- 
fectly well  probably  all  the  series  of  the  Thanet  sands  except  the  very 
highest  and  lowest  beds.  The  lowest  part,  towards  b,  consists  of  about 
10  feet  of  light-coloured,  grey,  and  greenish  clayey  sands  with  traces  of 
Plants  and  of  a  Ditrupa  or  Dentalium,  and,  continuing  in  the  direction 
of  c,  pass  up  into  12  feet  of  more  argillaceous  and  greener  beds,  then 
into  10  feet  of  laminated  darkish  grey  sandy  clay  with  a  few  fossils, 
succeeded  by  8  feet  of  grey  clayey  sand,  drying  white,  and  with  nume- 
rous small  fossils.   This  is  overlaid  by  15  feet  of  dark  clayey  laminated 
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beds  with  a  considerable  lumber,  of  well-preserved  foeuua.  This  knt 
stratum  and  the  remaining  upper  beds  are  described  more  in  detail  at 
p.  250,  fig.  4.  On  the  beach  between  t  and  b  are  numerous  blocks  of 
the  sandstones  and  earthy  concretionary  limestones,  many  of  which  art 
very  fossiliferous.  At  a  the  Tertiary  strata  dip  about  2°  Wi.W,  and  at 
t  about  4°  S.W. 

Sect.  2.  The  branch-railway  from  Minster  to  Deal  passes  at  the  foot  of  the  low 
hill  on  which  Richboroogh  Castle  stands.  A  ballast-pit  adjoining  the 
line  exposes  the  section  here  figured.  The  Thanet  sands  are  seen 
rising  at  an  angle  of  about  2°  to  3°  from  beneath  the  sands  of  the 
middle  division  of  the  lower  London  tertiaries;  there  are  here,  haw- 
ever,  so  few  distinctive  features  between  them,  that  the  tspai  alien  m 
not  at  first  easily  recognized ;  a  careful  search  will,  however,  detect  a 
few  peculiar  fossils  in  the  middle  series,  and  in  the  Thanet  sands  the 
fossils  are  abundant,  but  very  friable,  at  point  a.  For  detafls  of  tha 
section  see  fig.  5,  p.  251.  Between  this  and  section  No.  1  there  is  our? 
the  valley  of  the  Stour  with  its  marsh-lands.  The  strata  in  both  phi  on 
dip  towards  this  valley. 

Proceeding  southward  there  is  a  tract  of  fiat  ground  without  sections, 
and  the  surface  then  rises  to  the  ridge  of  low  hills  which  ran  fruss 
Sandwich  to  Wingham  and  Canterbury.  On  the  eastern  extremity  cf 
the  range  stands  Woodnesborough  Church,  in  descending  from  which 
towards  Sandwich  the  sides  of  the  lane  exhibit  a  tolerably  good  sectian 
of  the  Thanet  sands  with  fossils,  and  overlaid  by  tbe  sands  of  the  mrhftr 
division.  On  going  down  the  hill  in  the  other  direction,  the  chalk  is 
seen  cropping  out  from  beneath  the  Thanet  sands:  this  port  of  the 
section  is  rather  shortened ;  it  represents  a  distance  of  If  mile.  The 
height  of  the  hill  is  only  approximate. 

Sect.  3.  This  is  the  finest  section  of  the  Lower  Tertiaries  in  the  London  district. 

Heme  Bay  is  about  If  mile  west  from  the  spot  where  this  section 
commences.  At  a  short  distance  east  of  tbe  town,  the  London  Clay 
rises  and  forms  a  sloping  and  grass-covered  cliff  for  nearly  a  mile ;  the 
talus  then  becomes  less  and  the  section  clearer,  showing  a  considerable 
mass  of  the  London  clay,  with  few  or  no  fossils,  except  casts  of  frag- 
ments of  wood  in  iron  pyrites.  A  little  way  further,  the  sands  (3) 
forming  the  upper  division  of  the  lower  London  tertiaries  rise  at  a 
small  angle  (2°  to  3°)  from  beneath  the  London  day ;  they  abound  in 
fossils,  but  in  an  extremely  friable  state,  except  where  preserved  in  the 
tabular  calcareous  blocks,  a,  or  in  concreted  portions  of  the  Hingis 
merate,  b.  (For  a  description  of  this  bed  and  its  fossils  see  my  paper 
44  On  the  Basement-bed  of  tbe  London  Clay,"  in  the  Quart.  Joura.  GcoL 
Soc.  toL  vi.  p.  265.)  This  division  is  underlaid  by  the  middle  group, 
which  is  here  composed  of  three  closely  allied  strata,  consisting  at  e 
and  d  of  an  upper  bed  of  argillaceous  greensand,  a  middle  one  in  which 
brown  clay  predominates,  with  a  few  small  flint-pebbles,  and  •l»'—Hing 
in  traces  of  vegetable  remains,  and  with  many  fragments  of  lignite,  and 
a  lower  division  marked  by  coarse  nreen  sands ;  but  as  these  beds  tread 
towards  d  [the  left-hand  d  which  should  have  been  t]  they  appear 
rather  less  argillaceous,  and  as  a  very  light  green  sand,  the  line  of  de- 
marcation between  them  and  the  Thanet  Sands  being;,  in  consequence, 
at  the  end  of  the  cliff  towards  the  RecuWers  very  indnTerentiy  marked. 
Fossils  are  rather  scarce ;  the  few  however  that  occur  are  the  same  as 
those  found  in  stratum  4  at  Richboroogh.  This  group,  as  well  as  "4" 
hi  the  Upnor  and  Woolwich  sections,  will  be  described  more  ia  fall  m 
tht  next  part  of  this  paper.  Owing  to  the  great  similarity  in  mineral 
c  Li  iracter  between  the  lower  part  of  this  middle  division  and  the  upper 
l*rt  of  the  Thanet  Sands  in  these  clifls,  their  line  of  separation  is 
■  fi  en  very  indistinct. 

Immediately  east  of  the  Bishopstone  ravine  tbe  44  Thanet  Sands " 
use  from  beneath  the  middle  group  (4).  The  first  bed  casuists 
nf  yellowish  sands  with  only  a  few  patches  of  shells,  hot  with  numerous 
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soft  impressions,  and  varying  in  thickness  from  about  15  to  20  feet. 
Beneath  them  is  a  nearly  continuous,  tabular,  light  grey,  hard,  con- 
cretionary, calcareous  sandstone,  1  to  2  feet  thick,  with  few  fossils,  but 
often  covered  with  large  vermiform  casts.  Next  follows  4  to  6  feet 
of  light-coloured  argillaceous  sands  with  a  few  fossils.  Below  this 
a  darkish  grey  semi-indurated  clayey  sand  crops  out,  and  is  well  ex- 
posed between  high  and  low  water  mark.  It  abounds  in  characteristic 
and  well-preserved  fossils  of  the  Thanet  sands,  by  far  the  most  abundant 
shell  being  the  Oyprina  MorrmL  This  stratum  forms  the  base  of  the 
cliff  nearly  to  the  Reculvers,  and  is  throughout  marked  by  the  same 
fossils :  at  the  same  time,  the  top  bed  of  the  Thanet  sands,  which  at  first 
contains  only  a  few  shells,  becomes  more  fossiliferous,  and  near 
there  abounds  in  well-preserved  but  very  friable  shells,  chiefly  the 
C.  MorrisU,  together  with  the  Cuculiaa  crauatina,  Tkracia  oblata,  and 
many  others  comparatively  rare  (see  list,  p.  248).  The  cliff  ends  at  the 
Reculvers ;  the  marsh-lands  separating  this  spot  from  the  Isle  of  Thanet 
then  intervene;  at  Birchington  the  cliff  rises  again,  but  consists  of 
chalk  without  any  capping  of  tertiary  strata.  The  relation,  however, 
of  the  Thanet  sands  to  the  chalk  was  shown  by  a  well  dug  at  the 
Reculvers  some  few  years  since.  I  was  informed  that  the  chalk  was 
reached  at  the  depth  of  about  70  feet,  after  traversing  sands  which 
became  more  clayey  in  descending,  and  with  shells  in  patches  through- 
out.  This  position  of  the  chalk  is  shown  on  the  left  of  the  section. 

Sect.  4.  Just  below  Upnor  the  hills  approach  close  to  the  left  bank  of  the  Medway, 
and  the  numerous  pits  opened  for  ballast-sand  exhibit  some  good  sec- 
tions of  the  lower  tertiaries.  (For  a  description  of  Stratum  "  3,"  see  paper 
before  cited,  Quart.  Journ.  GeoL  Soc.  vol.  vi.  p.  263.)  The  middle 
group  "  4  "  is  considerably  expanded,  and  consists  almost  entirely  of 
sands ;  the  upper  bed  is  fossiliferous  and  of  a  light  yellow  colour,  and 
the  lower  bed  is  of  a  very  light  tinge  of  yellowish  green,  with  subor- 
dinate beds  of  small  flint-pebbles,  but  without  fossils.  Between  these 
two  sands  are  a  few  feet  of  dark  grey  laminated  clays  and  sands,  full  of 
Cyrena  cunejformis,  Melanin  inquinala,  and  some  other  fresh  or  brack- 
ish water  shells.  The  Thanet  sands  rise  from  beneath  the  sands  "  4  " 
at  the  pit  (at  b)  just  behind  Upnor  village,  but  the  characters  of  the 
two  groups  are  here  so  much  alike,  that  it  is  not  easy  at  first  to  distin- 
guish them  apart,  especially  as  neither  contain  fossils.  They  may  then 
be  traced  at  intervals  along  the  river-bank,  by  Upnor  Castle,  to  a  chalk- 
pit on  the  foot-road  to  Stroud,  where  the  lowest  beds  are  seen  reposing 
on  the  chalk,  with  the  usual  green-coated  flints  at  their  base.  They  are 
here  much  mixed  with  fine  greensand,  and  are  also  without  fossils.  The 
dip  at  Upnor  is  about  3°  N.E. 

Sect.  5.  This  is  a  well-known  locality  and  has  been  frequently  described,  chiefly 
however  with  reference  to  the  upper  beds,  which  abound  in  the  so-called 
Woolwich  shells.  (For  particulars  of  this  section  and  its  fossils  I  beg 
to  refer  to  Dr.  Buckland's  paper,  Trans.  Geol.  Soc.  vol.  iv.  p.  284,  and 
to  the  Rev.  Mr.  De  la  Condamine's  paper  in  the  Quart.  Journ.  Geol. 
Soc.  vol.  vi.  p.  440.)  The  Thanet  sands  are  here  fine-grained,  siliceous, 
and  without  organic  remains,  if  we  except  traces  of  plants  (hi  fragment- 
ary casts  and  impressions),  and  the  cast  of  the  Pholadomya  mentioned 
by  Mr.  Morris  (see  text,  p.  265).  The  upper  part  of  these  sands  are 
nearly  white,  very  loose,  and  almost  purely  quartzose ;  in  descending 
they  become  tinged  ash-grey  and  yellow,  and  mixed  with  a  small  pro- 
portion of  argillaceous  matter,  and  with  a  perceptible  quantity  of  green- 
sand  in  their  lower  part.  The  basement-bed  as  usual  is  an  impure 
greensand,  with  green-coated  flints,  and  is  only  reached  occasionally 
on  the  floor  of  the  pit.  The  view  here  given  is  one  at  right  angles  to 
the  road,  and  was  exposed  a  few  years  since ;  this  part  of  the  pit  is  not 
now  worked,  and  the  sands  are  almost  entirely  sloped  over.  The  pre- 
sent works  are  just  round  the  end  of  this  section.  The  Basement  Bed 
of  the  London  Clay  is  given  with  a  query,  as  I  am  not  yet  sure  whether 
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the  bed  here  so  marked  may  not  be  an  upper  member  of  the  sasaaV 

division. 

In  the  above  sections  the  principal  masses  only  of  drift  are  shown.  In  No.  S 
there  is  a  drift  in  the  valley  between  Richborough  and  Woodnetborough  HjD.  la 
No.  3,  besides  the  drift  marked  on  the  top  of  the  cliffs,  there  are  some  Af  ***Vr4 
masses  on  the  lower  cliffs  between  d  and  the  Receivers.  In  No.  4,  patches  of  a 
mixed  drift  occur  occasionally  in  places  on  the  slope  of  the  hill  above  A,  and  a  thick 
mass  of  brick-earth  drift  is  worked  at  the  base  of  it.  The  same,  with  gravel  and 
mammalian  remains,  is  largely  developed  at  the  foot  of  the  chalk  mil  to  ta*  lest 
of  the  section. 


Description  of  some  Fossil  Shells  from  the  Lower  Thanet 
Sands.   By  J.  Morris,  F.G.S. 

Sangtjinolaria  Edvardsii,  ii.  sp.    Plate  XVI.  fig.  1. 

Test4  elliptic^,  compressft,  taseqtrilaterati,  transversim  striatA ;  antice  sHinaail, 

postice  rotondato-truncaU ;  umbonibns  prominulis. 

An  ovate-lanceolate,  inequilateral  shell,  somewhat  compressed, 
marked  by  numerous  fine,  sharp,  raised  striae,  which  are  more  pro- 
minent towards  the  lateral  margins ;  anterior  extremity  attenuated, 
posterior  extremity  rotundato*truncate.  Width  rather  more  than 
twice  the  length. 

Named  in  compliment  to  Mr.  Frederick  Edwards,  of  Hampstead,  * 
to  whom  we  are  indebted  for  much  information  on  Tertiary  Palaeon- 
tology. 

Heme  Bay.    Specimen  figured,  from  Mr.  Edwards's  Collection. 

Glycimeris  Rutupiknsis,  n.  sp.    Plate  XVI.  fig.  2. 

Test&  transversa^  elongata,  subseqoilaterali,  subconvexi,  transversim  striata ;  teteri- 
bus  rotundatis;  margine  medio  snbdepresso,  margine  cardinali  calloto;  umbo- 

nibus  obsoletis. 

A  transversely  elongated,  nearly  equilateral,  and  somewhat  convex 
shell,  with  rounded  extremities,  the  dorsal  and  ventral  margin* 
parallel ;  both  valves  having  a  slight  depression  in  the  middle,  which 
extends  to  the  ventral  margin;  lines  of  growth  numerous,  sharp. 
Width  2}  times  the  length. 

This  shell  is  distinguished  from  G.  angusta,  Nvst,  by  its  more 
equilateral  form,  and  by  the  dorsal  margin  being  less  angular,  and 
the  posterior  extremity  more  rounded. 

Tne  species  of  this  genus  are  very  rare  in  a  fossil  state,  having  been 
only  found  at  present  in  the  Tertiary  strata.  The  one  above  described 
is  the  most  ancient  known  form,  the  other  belongs  to  the  Crag  of 
Belgium  and  England. 

Heme  Bay.   Mr.  Edwards's  Collection. 

Panopjla  granulata,  n.  sp.    Plate  XVI.  fig.  3. 

Testa  ovato-oblongm,  transversa^  inaxrailateraH,  grannlati,  transversim  irregulariter 
striati  vel  ondulati;  margine  medio  snbeompcesso ;  uteribas  rotaadatss ;  aav- 
bonibus  minimis,  incorvis. 

An  ovate,  elongated  shell,  with  rounded  extremities;  somewhat 
cylindrical ;  the  middle  of  both  valves  depressed  near  the  ventral 
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margin,  which  is  rather  straight ;  surface  minutely  granulated,  and 
transversely  striated  aad  undulated.  This  shell  is  difficult  to 
distinguish  from  the  P.  intermedia,  Sow.,  and  appears  to  he  inter- 
mediate in  general  form  and  character  to  that  species  and  the  P.  cor- 
rug  at  a,  Sow.  (Dixon's  '  Fossils  of  Sussex');  the  ligamental  and  ventral 
margins  are  straighter,  and  the  shell  more  compressed  ventrally  than 
P.  intermedia.  The  surface  is  also  minutely  granulated,  which 
character  has  not  been  observed  in  the  other  species. 

The  difference  of  habitat  may,  however,  have  modified  the  forms 
assumed  by  these  shells,  producing  only  local  varieties. 

The  P.  intermedia  of  Nyst  appears  to  be  distinct  from  the  English 
forms. 

Heme  Bay.    Mr.  Bowerbank's  Collection. 

Pholadomya  Koninckii,  Nyst.    Plate  XVI.  fig.  4. 
(Nyst,  Coq.  Foss.  Belgiques,  p.  50.  t.  1.  f.  9.) 

It  has  been  considered  advisable  to  refigure  this  shell,  as  it  has  not 
been  previously  described  as  occurring  in  England ;  and  especially, 
as  this  species  has  been  sometimes  mistaken  for  P.  margaritacea, 
Sow.  But,  from  comparison  with  authentic  specimens,  we  have 
considered  this  to  be  a  variety  of  P.  Koninckii,  Nyst,  a  species  very 
characteristic  of  the  Lower  Tertiaries  of  Belgium. 

Heme  Bay.    Mr.  Prestwich's  Collection. 

Cytherea  orbicularis,  Edwards,  MSS.   Plate  XVI.  fig.  5. 

Testa  tenui,  orbicularis  depressa,  lentiformi,  snbaequilaterali,  vix  transversa,  con- 
centrice  striata  vel  sublamellosa ;  umbonibus  minimis,  subrecurvis ;  lunula  vix 
notata. 

A  slender,  orbicular  shell,  with  faintly  marked  concentric  striae  or 
lines  of  growth,  becoming  occasionally  lamelliform ;  the  umbones 
are  small  and  slightly  recurved ;  the  sinus  in  the  pallial  impression 
is  obtusely  angular ;  the  lunule  is  nearly  obsolete. 

This  species  varies  slightly  in  form,  being  sometimes  transversely 
oral,  the  l?eaks  much  nearer  the  anterior  margin,  the  posterior  side 
more  compressed,  the  cardinal  margin  straighter  and  less  angular, 
than  in  the  typical  form. 

This  shell  appears  to  be  distinguished  from  C.  Bcllovacina, 
Deshayes,  by  the  posterior  margin  being  shorter  and  less  angular,  and 
thegeneral  form  being  more  orbicular  and  symmetrical. 

Heme  Bay.   Mr.  Edwards's  Collection. 

AsTarte  tenera,  n.  sp.    Plate  XVI.  fig.  6. 

Testa  subtrigona,  depressA,  tenenl,  inaequilaterali,  concentric^  irregulariter  rugosfi ; 
latere  postico  compressiusculo ;  umbonibus  submedianis;  lunula  ovat&,  profundi, 
berigata* ;  marginibus  crenulatis. 

A  somewhat  trigonal  and  rather  fragile  shell ;  the  posterior  side 
being  slightly  compressed  and  angulated  ;  the  surface  marked  with 
concentric  symmetrical  ribs  and  intervening  furrows  in  the  young  state, 
which  become  irregular  both  in  form  and  distance  in  the  adult  shell, 
giving  it  a  rugose  appearance ;  the  intermediate  furrows  are  faintly 
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striated ;  the  beaks  somewhat  acute,  and  recurved  ore*  the  hmsak, 
which  is  elliptical  and  smooth ;  the  ligamental  area  excavated  ;  tke 
margins  of  the  shell  are  crenulated. 

A  species  readily  distinguished  from  the  A.  rugate  Sow.,  of  the 
London  Clay  by  the  general  form,  thinner  shell,  and  less  rugose  ■Mr- 
face  of  the  valves. 

Heme  Bay.   Collections  of  Messrs.  Edwards  and  Bowerbank. 

Leda  stjbstriata,  n.  sp.    Plate  XVI.  fig.  7. 

(Compare  Nucula  striata,  Lam.,  Desh.  Coq.  Foss.  t.  42.  f.  4-6.) 

This  shell,  collected  by  Mr.  Prestwich  from  the  Thanet  Sands  at 
Richborough  Castle  and  Pegwell  Bay,  is  difficult  to  distinjpoaJi 
from  Nucula  (Leda)  striata,  Lam.,  which  it  resembles  in  general 
form,  but  is  rather  longer  in  a  transverse  direction,  and  the  striae 
differ  a  little  and  are  interrupted  towards  the  posterior  margin  am 
some  of  the  specimens  examined. 

Pecten  Prestvichii,  n.  sp.   Plate  XVI.  fig.  8. 

Testa  tenui,  compress*,  radiatim  obsolete  costatt;  costb  30-36,  snhtqataMai ; 
interstitiis  obliqui  irregulariter  striata ;  auricalis  uueqaaliba*,  nfimm. 

Shell  thin,  compressed ;  margin  orbicular,  with  a  rectangular  beak  ; 
radiated  with  30-36  very  slightly  raised  ribs,  distantly  imbricated, 
the  intervening  furrows  twice  as  large  as  the  ribs,  irregularly  and 
obliquely  striated  ;  ears  unequal,  with  three  or  four  radiated  costie, 

Richborough  Castle.    Collected  by  Mr.  Prestwich. 

Scalaria  Bowerbankii,  n.  sp.    Plate  XVI.  fig.  9. 

Testa*  elongate  turrita,  imperforatf ;  anfrtctibof  9-10,  tentricotis,  totaadatH. 
sutaris  distinctis,  longitudinaliter  costatis ;  cost  is  18-20,  snbacntis,  iiiemiiaa 
transversim  striatis;  anfracto  ultimo  carinifero ;  apertnzi  rotandati. 

An  elongated,  turreted,  rather  thick  shell,  with  nine  to  ten  veo- 
tricose  volutions,  longitudinallv  costated ;  costs  eighteen  to  twenty, 
somewhat  acute,  and  slightly  oblique,  the  ribs  as  well  as  mil  luiiiiag 
furrows  transversely  striated ;  the  last  volution  carinated. 

The  ribs  on  the  lower  volutions  are  sometimes  divided  and  more 
irregular  than  on  the  upper  ones. 

This  species  is  closely  allied  to,  if  not  identical  with,  a  shell  ob- 
tained by  Sir  C.  Lyell  from  the  Lower  Tertiaries  of  Belgium  (9f+- 
teme  Landenien  of  Dumont). 

Heme  Bay.    Mr.  Bowerbank's  Collection. 

Trophon  subnodosum,  n.  sp.   Plate  XVI.  fig.  10. 

Testa  turrita,  orato-ftisifonni,  transvertim  tcnnUtim^  striata,  aofractflmoosnena, 
subcarinatis,  supernd  angulatis,  carina  sabnodosa;  apcrtvrS  otati;  cossbsmsU 
rccurva ;  canali  breviosculo. 

Shell  turreted,  ovately  fusiform,  transversely  striated,  and  faintly 
decussated;  volutions  convex,  upper  part  subangulated  and  nodulous ; 
aperture  ovate,  with  a  short,  open  and  recur  fed  canal. 

Heme  Bay.    Mr.  Bowerbank's  Collection. 
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Ampullina  sub  depress  a,  n.  sp.  (not  figured). 

Imperfect  specimens  of  a  shell  (from  Pegwell  and  Heme  Bays) 
have  been  obtained,  which  bear  considerable  resemblance  to  Globulus 
(Ampullina)  depressus,  Lamk,  sp.,  from  Barton ;  but  the  spire  is  not 
so  elevated,  and  the  umbilicus  is  much  more  open ;  it  is  possibly 
only  a  local  variety. 


Cristellaria  platyplbura*,  n.sp.    Plate  XVI.  fig.  12. 
Diam.  inch. 

Testa  ovata  vel  subcircularis,  postice  rotundata,  anticd  angulata ;  margo  acutus, 
crista,  pellucida  instructus :  loculi  9,  plani,  irregulariter  arcuati,  ultimus  antic& 
excavatus ;  auturae  valde  costulatae ;  umbo  densus,  prominena ;  aperture  rotunda, 
margine  granulato. 

In  a  young  state  this  Cristellaria  is  ovate,  and  has  its  cells  more 
regular,  and  the  umbo  and  ribs  less  thickened  and  distorted. 

Cristellaria  Wetherbllii,  n.  sp.    Length  inch. 

Testa  oblonga,  anticfe  acuta,  baai  spiraliter  involute,  rotundata ;  margo  arcuatus, 
acutd  angulatus;  loculi  12,  laevigati,  angusti,  antici  inferne  marginati,  ultimus 
subconvexus ;  sutune  planae,  pellucidae ;  apertura  rotunda,  margine  radiato. 

In  the  young  state  this  Cristellaria  is  subovate,  the  umbo  being 
almost  central ;  but  in  the  more  advanced  stage  of  growth,  the  cham- 
bers having  gradually  left  the  spiral  for  an  almost  straight  direction  of 
growth,  the  inner  or  inferior  margins  of  the  cells  cease  to  join  the 
umbo,  and  the  form  of  the  shell  becomes  elongate.  One  old  specimen 
quite  assumes  the  form  of  a  Marginulina. 

The  Cristellaria  from  Mr.  WetherelPs  collection,  and  belonging 
to  the  London  Clay,  figured  by  Mr.  Sowerby  in  the  Trans.  Geol.  §oc. 
2nd  ser.  vol.  v.  pi.  9.  fig.  19,  represents  one  stage  of  growth  of  this 
species. 

Rosalina  Maria,  n.  sp.    Plate  XVI.  fig.  13.    Diam.  y\j  inch. 

Testa  suborbiculata,  depressa,  rugosa ;  superne  sex-lobata,  vix  umbilicata ;  subtus 
umbilico  lato,  aperturis  subvalvulatis  circumdato ;  margo  rotundatus ;  loculi  6, 
subconvexiusculi,  irregulariter  triangulati,  ultimus  antioe  valde  convexus. 

Polymorphina  ampulla,  n.  sp.    Plate  XVI.  fig.  14. 
Diam.  -fa  inch. 

Testa  subglobosa,  laevigata,  sapem&  in  rostro  brevi  producta,  basi  obtusa ;  loculi 
paud,  convexi ;  suturae  lineares ;  apertura  rotunda,  excentrica,  radiata. 

,  [It  is  not  at  all  improbable  that  Boys  and  Walker,  as  well  as  Mon- 
tagu, have  figured  and  described  several  of  the  Foraminifera  of  the 
Thanet  Sands  of  Sandwich  as  recent  forms. — T.  R.  J.] 

*  These  new  Foraminifera  are  described  by  Mr.  T.  Rupert  Jones. 

i 
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EXPLANATION  OF  PLATE  XVI. 

Fig.  1.  Sanguinolaria  Edvardsn,  Morris. 
Fig.  2.  Glycimeris  Rutapienro,  Morris, 
Fig.  3.  Panopsea  granulate,  MorrU. 
Fig.  4.  Pholadomya  Koninckii,  Nyst. 
Fig.  5.  Cytherea  orbicularis,  Edwards. 
Fig.  6.  Astarte  tenera,  Morris. 
Fig.  7.  Leda  substriata,  Morris,  magnified. 
Fig.  8  a.  Pccten  Prestvichii,  Morris. 

Fig.  8  *.  f  portion  magnified. 

Fig.  9.  Scalaria  Bowerbankii,  Morris. 
Fig.  10.  Trophon  subnodoeom,  Morris. 

Fig.  11.  Ovoidal  bodies  filling  tubular  cavity  in  sand  (see  p.  247). 
Fig.  12  a.  CristeUarU  platypleura,  Jones,  magnified. 

Fig.  12*.  ,  edge  view,  magnified. 

Fig.  13  a.  Rosalina  Maris,  Jones ;  under  surface,  magnified. 

Fig.  13  b.  ,  edge  view,  magnified. 

Fig.  14  a.  Porjmorphina  ampulla,  Jon**,  magnified. 

Fig.  14  b.  — — —  — — ,  seen  from  above,  magnified 


May  5,  1852. 

Capt.  R.  M.  Westmacott  was  elected  a  Fellow. 

The  following  communications  were  read : — 

1.  On  the  Tertiary  Formations  of  Belgium  and  Fuicm 
Flanders.  Part  I.  The  Pliocene,  Miocene,  and  Upfkbc 
Eocene.   By  Sir  C.  Lyell,  F.R.S.,  V.P.G.8. 

[This  will  be  printed  with  Part  IL  M  On  the  Lower  Tertiaries  of  Belpuav" 
read  May  19, 1852.] 


2.  On  the  Geology  of  Catalonia.   By  S.  P.  Pratt,  Esq.,  F.ILS^ 

F.G.S.  kc. 

The  general  aspect  of  the  Spanish  Province  of  Catalonia  is  a  series 
of  hills,  which  take  a  direction  from  the  north-east  to  the  south-west* 
nearly  parallel  to  the  coast ;  they  are  separated  from  each  other  by 
undulating  plains  or  valleys  of  nearly  the  same  width  as  the  ridges, 
varying  from  five  to  twelve  miles.  These  hills  occasionally  rise  to  a\ 
considerable  elevation,  from  2000  to  3000  feet.  As  great  disturbance 
has  taken  place  near  the  chain  of  the  Pyrenees,  these  parallel  ridges 
do  not  assume  their  predominant  character  nearer  than  about  twenty 
miles  from  the  base  of  these  mountains;  but  even  beyond  this 
distance,  they  are  considerably  disturbed  here  and  there  throughout: 
their  extent  by  igneous  action  and  the  protrusion  of  masses  of  granite. 
The  pass  of  the  Pyrenees  by  BeUegarde  to  Jonquera  represents  the 
general  character  of  several  other  ridges  in  the  province,  the  base 
being  granite,  covered  by  gneiss,  and  surmounted  by  very  thick  de- 
posits of  schistose  beds,  with  occasional  masses  of  limestone  and  red 
marly  sandstone. 
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The  road  between  Jonquera  and  Gerona, 
by  Figueras,  is  chiefly  over  an  undulating 
plain,  varied  by  a  few  low  ridges  of  hills ; 
the  plain  itself  being  covered  by  a  deep 
alluvium,  composed  chiefly  of  disintegrated 
granite,  which  rock  rises  in  several  places 
a  few  feet  above  the  surface.    The  low 
ridges  of  hills  alluded  to  consist  of  an  im- 
pure sandy  limestone,  covering  in  places  a 
red  marly  sandstone.    On  approaching 
Figueras,  these  hills  rise  considerably  to 
the  west,  and  contain  fossils  of  the  lower 
oolitic  period ;  some  of  the  species  appear 
to  be  closely  similar  to  those  of  the  in- 
ferior oolite  of  this  country.    This  is  an 
important  fact,  as  the  whole  of  this  district 
has  been  coloured  in  the  map  of  France 
as  belonging  to  the  cretaceous  period.  A 
very  extensive  plain  extends  from  Figueras 
to  the  north-east  and  south,  varied  in  a 
few  places  by  low  and  very  limited  hills, 
composed  of  alluvial  masses  of  various 
epochs.  This  plain  extends  towards  Gerona, 
but  it  is  greatly  disturbed  for  about  ten 
miles  at  half  the  distance,  and  is  intersected 
by  very  deep  narrow  valleys  or  fissures,  in 
which  are  found  numerous  masses  of  an- 
gular granite,  porphyry,  and  lava.  After 
passing  this  disturbed  district,  the  plain 
extends  to  Gerona,  where  a  lofty  ridge, 
nearly  3000  feet  high,  suddenly  rises  ; 
which,  stretching  nearly  eastwards  to  the 
coast,  appears  to  form  a  connection  with 
the  most  southerly  of  the  parallel  ridges 
before  alluded  to.   This  high  ridge,  near 
Gerona,  is  composed  in  the  lower  part  of 
thick  beds  of  schist,  having  a  metamorphic 
character.    A  few  outbreaks  of  granite  at 
a  low  elevation  have  been  noticed  along 
the  line.   The  schistose  beds  are  covered 
by  thick  deposits  of  limestone,  and  above 
them  is  a  red  marly  sandstone.    In  the 
limestone  a  few  compressed  fossils  are  found, 
consisting  chiefly  of  Encrinite  stems,  and  a 
very  few  bivalve  shells,  probably  Brachio- 
poda.  The  sandstone  is  covered  at  nearly 
the  same  inclination  with  numerous  calca- 
reous deposits  of  the  early  Tertiary  period. 
The  lower  beds  of  the  latter  contain  several 
species  of  Foramnifera,  with  a  few  small 
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Nummulites,  the  number  of  latter  increasing  very  much  in  the  upper 
beds. 

I  will  now  give  a  general  description  of  the  sereral  ridges  above 
alluded  to.  That  which  runs  along  the  coast  rises  a  few  inues  to  the 
south  of  the  Bay  of  Rosas,  and  continues  a  short  distance  beyond 
Barcelona.  In  its  northern  part,  as  far  as  Blanes,  and  at  a  far 
points  farther  south,  it  forms  high  cliffs  on  the  sea-shore,  composed 
entirely  of  granite.  To  the  south  of  Blanes,  the  granite  is  overbad 
by  schistose  beds  of  various  thickness,  sometimes  of  sereral  hundred 
feet :  these  chiefly  cover  the  north-western  side  of  the  ridge,  sad 
extend  into  the  plain  on  that  side ;  on  advancing  southwards,  however, 
the  schists  increase  on  the  south-eastern  side.  These  schistose  bedi 
are  in  many  parts  covered  by  limestone,  varying  very  much  in  extent 
and  thickness,  and  also  by  a  red  marly  sandstone,  which  overlies  the 
limestone,  though  occasionally  it  rests  on  the  schist,  when  the  han> 
stone  is  wanting.  The  granite  has  been  disturbed  in  several  places 
(subsequently  to  the  deposition  of  these  rocks)  by  the  upheaval  ofpor- 
phyritic  masses,  and  by  the  intrusion  of  granitic  veins  of  great  extent 
and  considerable  variety.  The  chief  disturbance  has  taken  place 
near  Calella,  where  a  mass  of  porphyritic  rocks  has  acted  upon  the 
ridge.  No  fossils  have  been  found  in  the  schistose  beds,  which  is 
many  places  have  been  considerably  metamorphosed,  and  are  pene- 
trated m  numerous  places  by  granitic  veins  to  a  great  extent.  He 
thickness  of  these  beds  increases  very  much  to  the  south-west ;  sad 
near  Barcelona  they  form  two-thirds  of  the  upper  part  of  the  ridge. 
The  limestone  also  varies  considerably  in  character,  from  a  hard  cry- 
stalline mass  to  a  rock  of  a  slaty  character.  The  fossils  found  in  it  sre 
very  rare,  and  so  much  altered  in  structure  that  it  is  difficult 
to  ascertain  their  genera ;  they  chiefly  consist  of  Encrinite  stem, 
Ortkoceratites,  without  specific  character,  and  a  few  obscure  Brmekio- 
poda.  Two  very  limited  deposits  of  Coal  have  been  found  in  dns 
limestone,  at  Malgrat  and  Montghat ;  in  the  latter  place,  the  lime- 
stone, from  a  mixture  of  carbonaceous  particles,  is  nearly  black  for  t 
short  distance.  It  is  covered  to  a  very  limited  extent  by  a  red  marly 
sandstone,  which,  however,  has  considerable  development  to  the 
south-west,  which  will  be  again  mentioned.  Near  Montghat,  and 
about  ten  miles  to  the  north  of  Barcelona,  there  is  a  considerable 
deposit  of  this  sandstone,  forming  a  low  ridge  at  the  base  of  the 
granite  ridge  and  between  the  latter  and  the  coast.  The  sandftnat 
ridge,  from  several  local  appearances  and  its  metamorphic  character, 
appears  to  have  been  elevated  at  a  more  recent  period ;  and  it  eon- 
tains  a  bed  of  gypsum,  above  100  feet  thick,  which  has  been  exten- 
sively worked.  A  plain,  from  half  a  mile  to  about  four  mfles  is 
width,  lies  between  the  granite  ridge  and  the  coast.  This  plain  m 
covered  to  a  considerable  depth,  from  30  to  50  feet,  with  the  debrn 
of  the  hills  which  bound  it,  mixed  up  with  many  thin  horbootal 
layers  of  calcareous  matter,  containing  a  few  freshwater  and  tod 
shells.  Close  to  Barcelona,  which  is  about  three  miles  fro©  the 
granite  ridge,  rises  Mount  Juich,  a  hill  about  700  feet  high ;  it  * 
composed  of  numerous  beds  of  sandstone,  conglomerates,  and  unpin* 
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sandy  limestone ;  all  these  beds  contain  fossils,  which  appear  to  be  of 
the  Miocene  period.  The  lower  beds  are  highly  inclined,  of  a  hard 
crystalline  structure,  contain  large  masses  of  jasper,  and  appear 
to  have  been  acted  upon  by  heat,  although  no  igneous  rocks  are  seen. 
They  are  interstratified  with  thin  beds  of  white  clay  and  fuller's  earth. 
The  limestone  beds,  which  contain  numerous  fossils,  and  have  not  been 
similarly  acted  upon,  become  nearly  horizontal  on  the  upper  part  of 
the  hill  and  on  approaching  the  plain  which  lies  between  it  and  the 
granite  ridge  behind  Barcelona.  The  stratified  alluvium  which  covers 
the  plain  in  nearly  horizontal  beds,  rises  several  hundred  feet  on  the 
sides  of  the  two  hills  which  bound  it,  and  has  been  disturbed  in 
the  same  degree  with  the  beds  upon  which  it  lies ;  particularly  so 
on  the  granite  ridge,  which  penetrates  it  in  several  places.  It  appears, 
therefore,  probable  that  the  elevation  of  these  hills  has  taken  place 
subsequently  to  the  deposition  of  this  alluvial  deposit.  In  several 
deep  assures  which  cross  the  plain,  granite  is  seen  forming  its  base. 
The  granite  reaches  the  north  bank  of  the  Llobregat,  and  is  seen  no  more 
except  at  a  few  points  just  above  the  surface  on  the  other  side  of  the 
river.  On  each  side  of  this  river,  about  two  miles  from  its  mouth, 
the  red  sandstone  becomes  considerably  developed,  covering  the  hills 
to  a  considerable  thickness,  and  extending  to  the  north-west  as  far  as 
Montserrat.  This  is  one  of  the  most  magnificent  mountains  in 
Spain ;  it  attains  the  height  of  above  6000  feet,  and  is  composed  of 
numerous  layers  of  both  fine  and  coarse  sandstone,  alternating  with 
thick  conglomerate-beds.  The  red  sandstone  extends  also  to  the 
south-west,  covering  the  ridges  of  hills  which  extend  as  far  as  the  Ebro. 

To  the  north-west,  and  nearly  parallel  to  this  ridge  of  granite, 
schist,  limestone,  and  sandstone,  there  is  a  plain  about  ten  miles 
wide,  with  an  irregular  and  undulating  surface.  It  is  bounded 
by  another  ridge  which  rises  near  Gerona,  and  extends  nearly  to 
the  north  bank  of  the  Llobregat.  Near  Gerona  the  latter  ridge 
has  been  much  disturbed,  and  separated  into  several  low  hills  by 
the  uprising  of  granite  and  more  recent  igneous  rocks.  It  is 
entirely  composed  of  tertiary  deposits,  and  all  that  part  of  it  near 
Gerona  and  upon  which  the  city  is  built  is  extremely  nummulitic. 
To  the  north  of  the  city,  these  beds  rise  to  the  height  of  about  300 
feet,  lying  upon  the  red  sandstone  above  described,  but  soon  sepa- 
rating from  that  deposit,  they  form  a  series  of  low  hills,  which  gra- 
dually sink  into  the  plain  five  or  six  miles  east  of  Gerona.  Other 
low  ridges,  which  run  nearly  parallel  to  these  at  a  very  short  distance, 
are  composed  of  the  same  beds,  almost  entirely  nummulitic ;  and  there 
are  others  beyond,  farther  west,  containing  numerous  tertiary  fossils 
also  of  the  Eocene  period.  These  low  ridges  have  been  considerably 
disturbed  by  the  upheaval  of  large  masses  of  lava,  containing  much 
olivine,  and  have  every  character  of  a  recent  origin.  In  many  places 
this  lava  is  seen  beyond  the  hills,  and  forms  extensive,  perfectly  flat, 
and  almost  naked  plains. 

Still  further  west,  at  the  distance  of  nearly  eight  miles,  another 
much  higher  ridge  rises  nearly  parallel  to  those  already  described.  It 
cont  ainsmany  tertiary  eocene  fossils,  but  without  Nummulitea.  This 
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ridge  also  has  been  much  disturbed  and  derated  by  the  upheaval  of 
masses  of  granite  and  porphyry  of  considerable  extent ;  indeed  the 
whole  district  between  this  point  and  the  base  of  the  Pyrenees  hat 
been  so  much  disturbed,  that  it  requires  considerable  time  to  map  its 
geological  features  correctly.  On  proceeding  to  the  south-west  frost 
Gerona  the  country  is  also  much  disturbed  in  sereral  places,  but  to  a 
more  limited  extent,  as  far  as  the  neighbourhood  of  Vich.  On  ap- 
proaching this  place,  the  tertiary  ridges  become  rery  much  developed, 
and  extend  with  little  interruption,  except  at  a  few  points,  to  the 
neighbourhood  of  the  Llobregat,  forming  in  sereral  places  hills  of 
considerable  height.  Beyond  this  river  a  considerable  change  takes 
place,  but  the  ridges  may  be  traced  onwards  to  near  Villa  Franca  sad 
Tarragona.  A  little  to  the  south-west  of  Vich  the  main  ridge  is 
divided,  for  the  distance  of  a  few  miles,  by  a  narrow  but  deep  valley; 
the  portion  to  the  east  is  composed  of  granite  hills,  rising  in  one  piste 
to  the  height  of  about  2000  feet ;  in  other  parts,  however,  the  granite 
is  much  lower,  and  is  composed  of  an  arkose,  having  a  very  compact 
character,  and  formed  of  sharp-edged  masses  of  granite  of  a  very 
different  character  from  the  great  mass.  It  is  covered  in  several 
places  by  a  limestone,  highly  inclined,  bearing  evidence  of  igneous 
action,  and  containing  a  very  few  of  the  same  fossils  (Encrmite  stems) 
as  those  in  the  limestone  overlying  the  high  ridge,  previously  described. 
The  second  portion  of  the  ridge  is  composed  of  numerous  calcareous 
and  sandy  beds,  differing  mucn  in  character,  but  apparently  of  the 
same  age,  as  nearly  all  contain  Nummulites.  The  beds  are  highly 
inclined  where  they  approach  the  granite,  and  become  nearly  hori- 
zontal at  a  short  distance  from  it.  They  have  a  thickness  of  frost 
700  to  1500  feet.  Some  of  the  beds  contain  numerous  fossils,  of 
the  same  species  as  those  observed  in  the  hills  near  Gerona,  and  verj 
similar  to  those  found  at  Biarrits  in  France.  This  ridge  is  divided 
in  several  places  by  very  deep  narrow  valleys  or  chasms,  which  give 
vent  to  numerous  powerful  streams.  On  the  north-west  aide  it  is 
covered  by  a  bed  of  calcareous  rock  containing  numerous  specimens 
of  a  large  Cerithium,  very  similar  to  the  C.  giganteum  of  the  Paxil 
basin,  and  descending  into  the  plain  which  lies  between  this  ridge 
and  another  distant  about  ten  miles.  This  plain  is  much  leaf 
disturbed  than  the  other,  and  the  ridge  which  bounds  it  to  the  west 
is  lower,  and  of  a  later  tertiary  period,  probably  the  Miocene ;  the 
majority  of  the  fossils,  however,  are  peculiar  to  it.  It  extends  to  the 
south-east,  beyond  Montserrat,  and  thence  to  the  north-west  of  Vuki 
Franca. 

To  the  south-west  of  the  River  JJobresat,  the  character  of  the 
country  changes  considerably,  for  although  a  succession  of  plaint 
and  ridges  still  continue  as  far  as  the  Ebro,  yet  they  are  considerably 
niMiiti.  <1»  becoming  much  more  irregular  in  form  and  proportion. 
Ill  riilge  near  the  coast  to  the  south  of  the  mouth  of  the  Llobregat 
is  much  wider,  more  irregular  in  its  composition,  and  terminates 
alumM  entirely  beyond  Villa  Nueva.  It  is  composed  chiefly  of  verj 
thirk  calcareous  beds,  partially  covered  by  the  red  marly  sandstone 
uLrtatly  noticed.    The  fossils  are  very  rare  and  obscure  in  their 
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character,  except  in  the  neighbourhood  of  Villa  Nueva,  where  some 
very  large  deposits  of  tertiary  fossils  are  found,  with  thick  beds  full 
of  minute  Foraminifera,  without  any  Nummulites.  Mixed  with  these 
are  found  some  fossils  which  have  been  considered  as  cretaceous, 
and  have  been  met  with  in  the  Pyrenees.  Beyond  Villa  Nueva, 
close  to  the  coast,  the  ridge  is  but  a  few  feet  high,  but  as  it  approaches 
Tarragona  it  rises  in  height,  and  tertiary  fossils  of  a  much  later 
period  are  abundant  in  it.  To  the  north-west  of  Villa  Franca  there 
are  several  ridges  of  limited  extent,  of  similar  character  to  those  de- 
scribed as  occurring  north  of  the  Llobregat,  except  that  the  fossils 
are  rare  ;  but  as  a  few  Nummulites  are  found  in  them,  their  relative 
age  is  determined.  One  of  these  ridges  extends  to  Tarragona,  where 
it  rises  to  some  height,  and  continues  several  miles  westward.  The 
upper  part  of  these  hills  is  covered  near  the  coast  by  numerous 
fossils  of  a  recent  period.  Underneath  these  beds  are  found  some 
thin  strata,  containing  a  very  few  Nummulites;  and  these  tertiary 
beds  overlie  a  mass  of  calcareous  rock  which  contains  a  very  few 
Belemnites  and  small  Ammonites  of  a  cretaceous  character,  the  only 
specimens  belonging  to  this  period  which  I  have  observed  in  the  whole 
Province  of  Catalonia.  The  latter  rock  is  most  distinct  in  the  city  of 
Tarragona,  where,  however,  it  does  not  rise  to  the  height  of  more  than 
20  feet,  and  runs  along  the  coast  to  the  south-west  in  isolated  hills  of 
the  same  height.  A  short  distance  to  the  south-west  of  Tarragona, 
near  Reus,  there  is  another  ridge  of  much  greater  elevation,  with  a 
granite  base,  overlaid  by  tertiary  deposits  of  considerable  variety,  and 
extending  to  within  a  few  miles  of  the  Ebro. 


May  19,  1852. 
The  following  communications  were  read : — 

1 .  On  the  Origin  of  the  Soils  which  cover  the  Chalk  of  Kent. 
By  Joshua  Trimmer,  Esq.,  F.6.S. 

Part  II.* 

In  a  Report  on  the  Agricultural  Geology  of  England  and  Wales, 
lately  published  in  the  *  Journal  of  the  Royal  Agricultural  Society  of 
England/  I  have  collected,  from  the  Reports  to  the  Board  of  Agri- 
culture and  other  amcultural  authorities,  evidence  of  the  existence 
of  a  great  variety  of  soils,  calcareous  as  well  as  non-calcareous,  on  the 
surface  of  the  Chalk  in  its  range  through  England.  It  is  thus  proved 
by  the  testimony  of  a  number  of  independent  observers,  that  cal- 
careous soils  are  the  exception,  and  are  confined  to  certain  elevations 
and  forms  of  surface. 

I  have  also,  in  a  recent  communication  to  this  Society,  "  On  the 

*  The  communication  which  forms  Part  I.  of  these  Notices  of  the  Superficial 
Geology  of  the  S.E.  of  England  was  read  November  20, 1850.  See  Quart.  Journ. 
GeoL  Soc.  vol.  vii.  p.  31. 
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Origin  of  the  Soils  which  cover  the  Chalk  of  Kent*/*  combated  the 
dogma,  that  these  soils  were  formed  by  solution  of  the  rock  im  mtn, 
and  that  the  non-calcareous  varieties  are  the  residuum  of  such  hypo- 
thetical solution. 

In  opposition  to  these  views  I  contended,  that  such  soils  were 
formed  by  aqueous  transport  of  some  kind  or  other,  the  nature  of 
which  I  did  not  then  attempt  to  define ;  nor  do  I  now  attempt  to  de- 
fine it  beyond  this :  that,  if  atmospheric,  it  was  different  from  ordi- 
nary atmospheric  action ;  if  marine,  it  was  different  from  ordinary 
marine  action;  that  the  phenomena  produced  were  different  from 
those  which,  in  the  case  of  the  Till  or  lower  erratics,  I  attribute  to 
the  action  of  shore-ice  on  sinking  land,  and  different  from  those  which, 
in  the  case  of  the  sand  and  gravel  of  the  upper  erratics,  I  attribute 
to  the  action  of  ice  floating  in  a  more  open  sea. 

Neither  do  I  now  attempt  to  define  the  date  of  these  operations  m 
Kent,  beyond  this :  that  many  of  the  phenomena  are  closely  allied 
to,  if  not  identical  with,  those  which,  north  of  the  Thames,  took  place 
after  the  desiccation  of  the  bed  of  the  glacial  sea,  and  after  pleisto- 
cene England  had  been  re-inhabited  by  some  of  the  large  mammah, 
now  extinct,  which  had  flourished  in  pliocene  England,  before  its 
submergence  beneath  the  glario-pleistocene  sea. 

In  proof  of  the  formation  of  the  soils  on  the  chalk  of  Kent  fay 
aqueous  deposit,  I  adduced  a  section  in  which  a  road-cutting,  near 
Hartley  Rectory,  exhibited  irregular  alternations  of  dark  tenacious 
clay  containing  unabraded  flints,  with  light-coloured  sandy  loam  and 
seams  of  rounded  eocene  pebbles.  That  section  was  on  the  descent 
towards  a  valley  communicating  with  the  valley  of  the  Daren t,  from 
the  elevated  plateau  of  chalk  which  extends  to  the  Weald  dennda- 
tion.  It  has  therefore  been  argued  that  this  section,  being  on  the 
slope  of  a  hill,  merely  represents  an  accumulation  of  the  nature  of  a 
talus,  although  I  stated  that  similar  deposits  constitute  the  surface- 
soil  for  miles  on  the  summit  of  the  plateau. 

I  shall  now  draw  attention  to  the  soils  on  some  of  the  highest 
summits  of  the  chalk,  at  an  elevation  of  about  700  feet,  near  the  edge 
of  the  precipitous  escarpment  overhanging  the  Weald  denudation,  or, 
more  correctly,  the  Vale  of  Holmsdale,  lying  between  the  chalk  and 
the  Wealden. 

By  reference  to  the  Ordnance  Map  it  will  be  seen,  that  the  road 
from  Farningham  to  Wrotham  ascends  the  chalk  from  the  valley  of 
the  Darent,  along  a  combe.  The  steep  side  of  the  combe  is  covered 
with  calcareous  soils,  for  the  most  part  white,  but  mtermixed 
with  some  irregularly  distributed  patches  of  loams,  light-coloured, 
brown,  and  of  various  intermediate  shades  of  colour,  but  all  more  or 
less  calcareous.  The  summit  attained,  these  calcareous  soils  cease, 
and  are  replaced  by  dark  brown  non-calcareous  loams,  of  depths  va- 
rying from  less  than  one  to  more  than  three  feet,  and  of  various  de- 
grees of  tenacity.  About  the  fourth  mile  from  Wrotham,  the  tena- 
cious varieties  prevail.  They  appear  to  belong  to  that  class  of  soils, 
which  Boys,  the  author  of  the  Report  on  this  County,  describes  as 

*  Loc.cit. 
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forming,  in  West  Kent,  "  clay  on  the  tops  of  the  chalk-hills,  much 
mixed  with  flints,  cold  and  tenacious,  and  requiring  six  strong  horses 
to  plough  an  acre  a  day,  and  when  not  ploughed  till  dry  in  the  sum- 
mer, hardly  practicable  with  eight  horses :  depth  8-14  inches,  on 
chalk  rock,  with  yellow  clay  between  in  some  places." 

These  soils  of  West  Kent  appear  to  answer  to  those  which,  in 
East  Kent,  he  calls  "  strong  cledge,  a  stiff  tenacious  earth,  with  a 
small  proportion  of  flints,  and  at  some  places  small  patches  of  chalk ; 
6-10  inches  deep  on  the  tops  of  the  hills,  and  resting  on  a  hard  rock 
of  chalk.  When  wet,"  he  adds,  "  it  sticks  like  bird-lime,  and  when 
thoroughly  dry,  the  clods  are  so  hard  as  not  to  be  broken  with  the 
heaviest  roller.  When  well-managed,  and  the  season  is  favourable,  it 
yields  good  crops  of  wheat,  beans,  clover,  and  oats ;  but  in  unkindly 
seasons  for  working,  and  in  dry  summers,  it  is  very  unproductive." 

From  Portobello  Inn  to  the  edge  of  Wrotham  Hill  the  road  runs 
near  the  summit-level,  crossing  several  hollows  which  are  about  20 
feet  deep.  These  are  the  upper  portions  of  dry  valleys,  which  com- 
mence at  the  crest  of  the  watershed,  about  a  mile  to  the  S.E.,  and 
run  northwards  nearly  parallel  to  the  valley  of  the  Darent,  until  they 
wind  round  towards  their  lower  part  to  join  it.  Road-cuttings,  made 
to  reduce  these  irregularities,  exhibit  the  depth  and  composition  of 
the  subsoil,  and  show  it  to  be  from  3  to  5  and  6  feet  deep,  and 
to  rest  on  an  irregular  surface  of  chalk.  It  consists  of  very  te- 
nacious clay,  with  large  unabraded  flints.  The  clay  is  generally  red- 
dish brown  ;  but  in  some  places  it  is  mottled  with  white,  yellow,  and 
bright  red.  The  surface  is  in  some  places  covered  with  about  a  foot 
of  sandy  loam,  with  numerous  angular  flints,  more  broken  than  those 
in  the  subsoil,  which  last  appear  merely  as  if  just  detached  from  the 
chalk,  but  are  covered  with  a  yellow  instead  of  a  white  coating. 
Rounded  eocene  pebbles  are  associated  more  or  less  with  the  flints  in 
both  deposits.  Where  the  chalk  is  exposed  in  the  deeper  cuttings, 
its  surface  is  indented  with  pipes  and  furrows. 

The  chalk  is  covered  with  this  deposit  to  the  very  edge  of  the  steep 
descent  of  Wrotham  Hill.  In  descending,  all  traces  of  it  are  lost, 
except  as  filling  pipes,  and  extending  as  a  thin  layer  between  them, 
covered  by  about  a  foot  of  cream-coloured  calcareous  loam,  which 
appears  to  be  the  run  of  the  hill,  the  result  of  atmospheric  action, 
and  contains  fragments  of  chalk,  angular  flints,  and  rolled  eocene 
pebbles. 

At  Portobello  Inn  a  by-road  branches  off  to  Stanstead,  and  by  the 
side  of  this  road,  about  two  furlongs  from  the  inn,  is  a  chalk-pit,  on 
the  edge  of  one  of  the  transverse  hollows  before  mentioned  as  form- 
ing the  commencement  of  valleys.  This  section,  which  is  about 
12  feet  deep,  exhibits  the  chalk  worn  into  large  irregular  cavities, 
12  to  15  feet  wide,  covered  by  dark  brown  clay,  containing  numerous 
unabraded  flints,  and  alternating  with  light-coloured  sandy  loam,  red 
and  yellow  ochraceous  sand,  and  seams  of  small,  rounded  eocene 
pebbles.  These  alternations  pass  from  a  horizontal  position  on  the 
edge  of  the  cavities  to  a  nearly  vertical  position  within  them.  They 
are  covered  by  a  thin  horizontal  deposit  of  clay,  sandy  loam,  and 
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flints,  with  irregular  seams  of  eocene  pebbles,  as  shown  in  the  an- 
nexed diagram. 

Section  near  Portobello  Inn  between  Faming  ham  and  Wroikamu 


Taint.  Talus. 

a.  Dark  ferruginous  day  with  flints.  e.  Seams  of  rounded 

b,  V.  light-coloured  eendyloam.  d.  Red  and  yellow 
e.  Clay,  sandy  loam,  and  Eocene  pebbles,  in  irregular  alternations, 

becoming  obscure  towards  the  south  part  of  the  section. 

The  materials  which  fill  the  cavities  in  the  Portobello  section,  and 
form  the  subsoil  in  the  cuttings  on  the  Wrotham  road,  have  evident}? 
been  derived  from  the  wreck  of  some  of  the  eocene  tertiaries ;  but,  if 
it  should  be  alleged  that  these  cavities  and  the  deposits  which  they 
contain  belong  to  the  eocene  period,  I  would  draw  attention  to  die 
following  facts.  None  of  the  eocene  strata  of  this  neighbourhood* 
which  are  in  contact  with  the  chalk,  are  of  the  red  and  yellow  colours 
seen  in  the  specimens  now  exhibited  and  obtained  from  this  section. 
The  lowest  bed  at  Woolwich,  Bexley,  Erith,  Crayford,  and  Dartford 
is  a  whitish  or  greenish  sand.  Above  this  is  a  pebble-bed.  The 
sand  generally  rests  on  an  even  surface  of  chalk.  In  the  few  cases 
in  which  it  fills  cavities  in  the  chalk,  the  contents  are  very  different 
from  those  of  the  Portobello  section.  The  sands  are  not  only  green* 
ish,  but  the  flints  have  a  dark  green  coating,  and  the  lining  of  the 
pipes,  instead  of  being  clay,  is  of  an  indurated  ochreons  character. 
As  a  contrast  to  the  contents  of  the  Portobello  cavities,  I  exhibit 
specimens  from  a  pipe  in  a  chalk-pit,  a  little  east  of  LuUingstone 
Park.  These  specimens  agree  with  the  characters  of  the  matter  fill- 
ing pipes  in  the  Hampshire  basin,  where  the  chalk  is  there  in  eon- 
tact  with  the  lower  eocene  bed.  The  Portobello  sands  and  clays,  on 
the  contrary,  have  more  of  the  aspect  of  those  which  form  the  mid- 
dle portion  of  the  vertical  strata  of  Alum  Bay,  and  which  Mr.  Prest- 
wich  has  identified  with  the  Bagshot  sands. 

Moreover,  in  the  immediate  vicinity  of  Portobello  there  is  an 
eocene  outlier  of  white  sand.  In  a  wood,  marked  on  the  Ordnance 
Map  as  Knock  Mill,  but  better  known  on  the  spot  as  Gravel-pit 
Wood,  there  is  a  bed  of  this  sand,  exposed  to  the  depth  of  about 
12  feet.  A  reconstructed  bed  of  eocene  pebbles,  unmixed  with  an- 
gular and  subangular  flints,  and  imbedded  in  a  ferruginous  base  of 
sand  and  loam,  abuts  abruptly  against  the  western  edge  of  the  sand, 
as  far  as  can  be  judged  from  the  obscure  state  of  the  section  disturbed 
by  the  operations  of  dinging  gravel.  The  contact  of  the  sand  with 
the  chalk  is  not  exposed;  but  the  rock  must  be  very  near  the  bottom 
of  the  pit.    The  surface-soil,  for  some  distance  through  the  wood,  b 
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sandy  and  full  of  eocene  pebbles.  This  outlier  is  evidently  the  source 
from  which  the  pebbles  at  the  Portobello  section  were  derived ;  and 
the  flinty  cledge,  which  covers  the  summits  of  these  high  hills,  ap- 
pears to  be  the  source  of  the  broken  flints  which  strew  the  surface- 
soil  and  are  imbedded  in  it,  more  or  less,  down  to  the  valley  of  the 
Thames,  diminishing  in  quantity  with  the  descent  and  accumulated 
in  masses  at  the  bottom  of  the  valleys.  The  distribution  of  these 
flints  northward  along  the  valleys,  and  more  sparingly  south  of  the 
chalk-ridge, — the  relations  of  the  deposits  containing  them  to  the 
mammalian  beds  of  the  valley  of  the  Thames, — and  the  relations  of 
these,  again,  to  the  lower  and  upper  erratics  of  the  northern  edge  of 
that  valley,  will  form  the  subjects  of  future  communications. 
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[Plates  XVII.  to  XX.] 

§  1 .  The  following  observations  are  the  result  of  a  visit  made  in  the 
summer  of  last  year  (1851)  to  parts  of  French  Flanders  and  Belgium, 
undertaken  with  a  view  of  comparing  the  tertiary  strata  of  that  part 
of  the  continent  with  those  of  England. 

I  shall  first  describe  what  I  saw  of  the  newest  deposits,  and  thea 
proceed  to  consider  the  others  in  a  descending  series  until  I  arrive  at 
strata  which  repose  immediately  on  the  chalk  of  Maastricht. 

For  convenience  of  reference,  and  in  explanation  of  the  nomencla- 
ture adopted,  a  synoptical  table  of  formations  (Table  I.)  is  mnwwl 

§  2.  Loess  or  Lehm  (A.  Table  I.).   Limum  de  Hesbeye  of 
M.  Dumont. 

The  southern  half  of  Belgium  is  overspread  almost  everywhere  by 
a  continuous  deposit  of  clayey  loam,  resembling  in  cokmr  and  coav 
position  the  well-known  "  loess  "  of  the  Rhine.  This  loam  has  bees 
called  "  Hesbayan  mud  "  by  M.  Dumont,  because  it  abounds  in  the 
ancient  province  of  Hesbaye,  which  includes,  among  other  areas,  the 
country  between  liege  and  Waremme  and  between  Liege  ant 
Tongres.  It  presents  generally  the  same  uniformity  of  aspect  and 
composition,  and  the  same  absence  of  stratification  which  characterise 
it  on  the  Rhine  between  Cologne  and  Basle.  In  Belgium,  however, 
land  and  freshwater  shells  are  much  more  rare,  and  the  oolv  spot 
where  I  met  with  any  was  at  the  village  of  Neerepen,  between  Tongres 
and  Hasselt  (see  Map,  PI.  XVII.  fig.  4),  where  they  had  been  pre- 
viously remarked  by  M.  Bosquet.  Here  I  found  abundantly  the 
Succinea  oblonga,  so  common  in  the  Rhenish  loess,  and  Helix  kiipid*. 
The  tusks  of  a  fossil  Elephant  were  also  obtained  here  by  M.  BoatraeC 
The  only  shells  which  I  heard  of  as  having  been  detected  elsewhere 
in  the  Belgian  loess  consisted  of  recent  species,  all  of  terrestrial  or 
fluviatile  genera. 

The  thickness  of  the  "  Hesbayan  mud  "  is  variable,  usually  ranging 
from  10  to  30  feet.  It  is  seen  capping  some  of  the  highest  hills  or 
table-lands  near  Brussels ;  as  for  example,  that  above  the  villages  of 
Jette  and  Dileghem,  west  of  Laeken  (see  Map,  PI.  XVII.  fig.  3)t  at 
the  height  of  about  300  feet  above  the  sea.  At  the  base  of  the 
loess,  or  between  it  and  the  older  rocks,  there  occur  very  generally 
one  or  more  beds  of  gravel.  In  some  cases,  as  I  shall  hereafter  have 
to  point  out,  where  it  rests  on  unconsolidated  tertiary  sands  and 
loams,  there  is  such  an  intermixture  of  the  newer  and  older  deposits, 
owing  to  denudation  and  ^deposition  (the  fossils  washed  out  of  the 
older  beds  often  remaining  entire),  that  it  is  most  difficult  to  draw  a 
line  of  separation. 

The  homogeneous  character  of  the  loess  throughout  the  hydro- 
graphical  basin  of  the  Rhine  always  disposed  me  to  refer  its  origin  to 
some  common  source,  such  as  a  great  river  which  had  brought  down 
for  ages  the  same  kind  of  sediment,  and  spread  it  over  a  large  area, 
while  that  area  was  slowly  subsiding.  I  also  supposed  that  toe  same 
region  had  been  subsequently  re-elevated  and  denuded,  so  that  most 
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Table  I. 


Synoptical  Table  of  Tertiary  Formations  of  Belgium  and  French  Flanders*. 


Names  adopted  in  this 
Memoir. 

Nomenclature 
used  by  M.  Du- 
mont  in  his  Map 
of  Belgium. 

British  equiva- 
lents. 

French  equiva- 
lents. 

Periods. 

B. 1.  . . 

Loess  and  Alluvium  .... 

Limon  Hesbayen 

Brick-earth,  drift, 
&c. 

Alluvions  and 
Loess. 

Post-pliocene  and 
Pleistocene. 

Systeme  Scalde- 
sien. 

Red  and  coralline 
Crags  of  Suf- 
folk. 

Crag  de  Carentan, 
Normandie. 

Pliocene. 

B.S.  .. 

S.  Diestien. 

S.  Bolderien.... 

Faluns  de  la  Loire 

Miocene. 

D.l.  .. 

Upper  Lhnbunr  Beds,  or 
Knpelmonde  Clay. 

S.  Rupelien. 

Upper  freshwater, 
and  upper  ma- 
rine of  the  Isle 
of  Wight. 

Calcaire    de  la 

Beauce. 
Sables  et  Gres  de 

Fontaineblean. 
Marnes  k  Ostrea 

cyathula. 
Marnes  superieurs 

augyps. 

Upper  Eocene 
(Lower  Miocene 
of  many  au- 
thors). 

D.*.  .. 

Middle  Iimburg,  or  Flu- 
vio- marine. 

S.  Tongrien  su- 
perieur. 

D.3.  .. 

S.  Tongrien  in- 
ferieur. 

B.l.  .. 

Laeken  Beds,  or  Upper 
Nummnlitic  (Nummu- 
ttte*  variolariu*). 

S.  T-sfkfn^TT, ... 

Barton  Clay  .... 

Sables  moyens  on 
Gres  de  Beau- 
champ. 

Middle  (or  Num- 
mulitic) Eocene. 

B.l.  .. 

Brussels  Beds,  or  Middle 
Nummulitic  (Nummu- 
liUs  Utvigahu). 

S.Bruxellien.... 

Bagshot  and 
Bracklesham 
Beds. 

Calcaire  grossier. 

E.8.  .. 

Lower  Nummulitic  Beds 
(Numntuiites  ptamUa- 
tut). 

S.Paniselien?,and 
S.  Ypresien,etage 
suptrieur. 

Sables  Soisson- 
nais,  partie  su- 
perieure. 

P.l.  .. 

S.Ypresien,  Itage 
inferieur. 

London  Clay  pro- 
per. 

Lower  Eocene. 

F.l.  .. 

Plastic  Clay  and  Sands  . . 

S.  Landeniensu- 
perieur. 

Lower  London 
Tertiaries. 

Lignite  Soisson- 
nais. 

6  

Glauconite  and  Tufean  of 
Lincent. 

S.  Landenien  in- 
ferieur. 

Wanting. 

Intermediate  be- 
tween Eocene 
and  Cretaceous. 

H  

Marls  and  Glauconite  of 
Heers. 

S.  Hecrsien  .... 

Wanting. 

Calcaire  de  Maas- 
tricht. 

Wanting. 

Cretaceous. 

*  In  Appendix,  Nos.  I.  and  II.,  at  the  end  of  this  paper,  will  be  found  two  Tables  by  M.  Du- 
mont,  the  first  published  in  1851,  and  the  second  previously  unpublished,  in  which  that  distin- 
guished geologist  explains  his  views  respecting  the  classification  of  the  Belgian  tertiary  strata, 
and  their  synchronism  with  those  of  England  and  France. 
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of  the  valleys  and  inequalities,  previously  existing  before  they  were 
filled  up  with  loess,  were  partially  or  entirely  re-excavated,  and  some 
new  ones  formed*. 

Having  since  the  publication  of  these  views  had  an  opportunity  of 
examining  the  loess  of  the  basin  of  the  Mississippi, — a  tornado*  siav- 
gularly  identical  in  mineral  characters  and  in  the  genera  of  ks  se- 
cluded shells, — my  conclusions  respecting  the  nature  of  the  European 
loess  and  its  mode  of  origin  have  been  confirmed  f. 

The  phenomena  can  be  best  explained,  both  in  Europe  and  North 
America,  by  supposing  a  gradual  subsidence  of  dry  land  to  the  extent 
of  several  hundred  feet  during  the  deposition  of  the  fluviatOe  mad; 
and  an  equally  gradual  upheaval  of  the  same  tract  during  the  period 
when  extensive  denudation  was  effected.  In  the  same  manner  m  the 
southern  and  seaward  termination  of  the  loess  is  somewhat  abrupt  am 
Louisiana,  where  it  bounds  the  delta  of  the  Mississippi,  so  the  cor- 
responding mass  of  upraised  freshwater  mod  in  Belgium  ceases  wnojii 
what  suddenly  along  a  well-marked  line,  which  has  been  traced  out  by 
MM.  d'Omalius  d'Halloy,  Dumont,  and  others,  ninning  east  and  west 
nearly  along  the  51st  parallel  of  latitude,  by  Cologne,  JuBers,  Loav 
vain,  Audenaerde,  and  Courtray  in  Belgium,  to  Gassel,  near  Dunkirk, 
in  France.    Whether  this  line  indicates  the  original  extent  of  a 
fluviatile  formation,  or  whether  it  was  produced  by  the  denudation  of 
a  deposit  once  stretching  farther  north,  I  am  unable  to  decide.  Its 
absence  beyond  the  line  alluded  to  is  of  great  importance  to  a  geo- 
logist who  is  examining  the  tertiary  strata  of  the  low  countries  bor- 
dering the  sea,  for  it  allows  them  to  appear  at  the  surface,  except 
where  they  are  concealed  by  fine  sand,  much  resembling  the  dimes 
on  the  coast.    Everywhere  to  the  south  of  lat.  51°  the  loess  greatly 
impedes  the  geological  observer,  not  only  by  its  continuity  and 
thickness,  but  also  by  producing  a  soil  so  favourable  to  amcnJture, 
that  sand-pits,  excavations  for  clay,  or  quarries  of  bunVfing-stooe, 
paving-stone,  limestone,  and  other  materials,  if  opened,  are  almost 
always  filled  up  immediately,  in  order  that  no  space  may  be  lost  to  the 
farmer.  The  geologist,  therefore,  in  a  country  where  natural  sections 
are  rare,  is  often  reduced  to  such  artificial  ones  as  happen  to  be 
exhibited  during  the  workings  of  a  single  year. 

In  regard  to  the  relative  ages  of  the  loess  and  the  northern  drift, 
with  its  erratics,  the  only  positive  information  which  I  obtained 
during  this  tour  was  on  crossing  the  Meuse  from  Maestricht  to  the 
right  bank  of  that  river,  opposite  the  city.  Here,  in  company  with 
M.  Van  Rymsdyck,  I  observed  that  the  sands  of  the  Limburg  tertiary 
series  were  covered  by  a  bed  of  quartsose  gravel  with  erratics,  and  tha 
again  by  loess  30  feet  thick.  The  locality  alluded  to  is  the  table-land 
of  Rassburg,  near  Geulem,  which  is  about  300  feet  above  the  Mew, 
and  about  450  feet  above  the  level  of  the  sea.  The  erratics  are  some 
of  them  very  angular,  and  more  than  2  feet  in  diameter,  consisting  of 
quartsose  slate,  similar  to  that  of  the  Ardennes,  from  which  they  are 
believed  to  have  been  transported. 

*  See  Proceed.  Geol.  Soc.  vol.  ii.  p.  83 ;  and  Bdinh.  New  PhO.  Jovm.  July  183X 
f  Second  Visit  to  the  United  States,  vol.  il  p.  294  ;  and  tMrf.  chap.  xxxiv. 
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Such  an  instance  of  the  superposition  of  loess  to  a  certain  class  of 
erratics,  will  not  justify  the  conclusion  that  the  origin  of  the  loess 
generally  was  of  later  date  than  the  northern  drift.  I  should  rather 
infer  from  the  fact  here  mentioned,  that  the  transportation  by  ice  of 
large  blocks  was  still  going;  on  when  a  part  of  the  Belgian  loess  was 
deposited ; — in  other  words,  the  glacial  epoch  coincided,  in  part  at 
least,  with  the  epoch  of  the  formation  of  the  loess.  I  conceive  that 
the  more  intense  cold  had  passed  away,  or  receded  northwards,  before 
the  principal  mass  of  the  loess  was  thrown  down. 

§  3.  Antwerp  Crag  (B.  1.  Table  I.  p.  279).    Systeme  Scaldesien, 
Dumont,  1851.    Systhne  Campinien,  Dumont,  1839. 

The  excellent  and  well-known  work  of  M.  Nyst,  published  in  1843, 
on  the  shells  and  corals  of  the  tertiary  formation  of  Belgium,  has 
made  every  geologist  familiar  with  the  fact,  that  a  large  number  of 
species  of  fossils  are  common  to  the  Suffolk  Crag  and  to  strata  in 
the  neighbourhood  of  Antwerp.  M.  Nyst  has  taken  frequent  occa- 
sion to  acknowledge  that  a  considerable  proportion  of  these  Antwerp 
fossils  were  communicated  to  him  by  M.  Norbert  de  Wael,  and  I  was 
fortunate  enough  to  obtain  the  friendly  cooperation  of  that  excellent 
observer  and  indefatigable  collector  during  my  visit  to  Antwerp.  He 
placed  most  liberally  at  my  disposal,  and  for  my  use  when  writing  this 
memoir,  not  only  a  part  of  his  collection,  which  Mr.  Searles  Wood 
has  compared  with  fossils  from  the  English  Crag,  but  also  his  MS. 
lists  of  organic  remains,  and  his  notes  on  the  geology  of  the  localities 
most  fertile  in  fossils,  several  of  which  we  visited  together. 

There  are  no  natural  sections  to  be  seen  in  the  flat  country  around 
Antwerp,  but  excavations  to  the  depth  of  a  few  feet  in  the  town  and 
its  suburbs  are  continually  exposing  to  view  beds  of  sand  and  shells. 
One  of  these  I  found  in  progress  on  my  arrival  on  the  eastern  side  of 
the  city,  in  the  Zoological  Gardens.  Here  they  were  digging  ponds 
20  feet  deep,  from  which  yellow  sand  had  been  thrown  out,  contain- 
ing Fusus  contrarius,  Voluta  Lamberti,  Pec  ten  maximus,  Pec  ten 
opercular^,  Ostrea  edulis,  Cyprina  tumida,  Astarte  borealis,  and 
many  others,  which  I  at  once  recognized  as  among  the  most  common 
shells  of  the  Suffolk  Crag.  I  also  observed  that  they  had  met  with 
many  large  vertebrae  of  Whales  in  a  perfect  and  unrolled  state.  I 
obtained  one  of  these,  measuring  6£  inches  in  its  longitudinal,  and  as 
much  in  its  transverse  diameter,  and  Prof.  Owen  has  pronounced  it 
to  be  the  lumbar  vertebra  of  a  Bakenoptera.  These  cetacean  relics, 
which  are  very  common  in  the  district,  were  associated  with  large 
Sharks'  teeth,  of  the  genus  Carcharodon. 

At  Steuvenberg  (a  name  which  implies  a  hill  of  sand),  east  of 
the  fortifications  and  north  of  the  Zoological  Gardens,  I  found  ex- 
cavations for  sand,  in  which  many  of  the  same  shells  were  seen,  with 
others  which  will  be  alluded  to  in  the  sequel. 

On  the  northern  glacis  of  the  fortifications  I  saw  that  a  very  dif- 
ferent sand  had  been  recently  thrown  up  from  a  depth  of  20  feet, 
consisting  of  a  dark  green  and  almost  black  glauconite.  This  is 
called  "  crag  noir,"  or  glauconiferous  crag.  It  contains  many  of  the 
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same  species  of  shells  which  I  had  seen  in  the  yellow  crag,  1ml  nixed 
with  some  others  peculiar  to  it.  The  Pecht*cuhu  vmrimbUi^  Sow., 
is  by  far  the  most  abundant  shell. 

On  the  glacis,  at  a  higher  level,  greyish  sand  wkh  green  grain* 
appears,  which  M.  de  Wael  calls  "  crag  gris  or  moyen,  and  which 
he  regards  as  of  intermediate  age  between  the  "  yellow9'  and  "black" 
crags  already  alluded  to. 

About  three  miles  south  of  Antwerp,  between  the  vulages  of  Ber- 
chem  and  Vieux  Dieu,  I  came  accidentally  upon  a  new  excavation  in 
a  garden  which  exhibited  the  crag  under  a  different  aspect.  At  the 
top  were  mottled,  red,  and  whitish  sands,  12  feet  thick,  the  lowest 
layers  containing  many  small  quartz-pebbles,  under  which  was  aa 
argillaceous  sand  with  numerous  ball-like  concretions  of  day  ataat 
in  which  were  casts  of  large  Bivalves,  chiefly  of  Pectvmndma  (P.  mm- 
riabilis  ?),  and  others  apparently  referable  to  a  large  Mactra  and  to 
a  Fenus,  each  of  which  had  served  as  the  nucleus  of  a  nodule.  The 
vertebrse  of  Fish  and  teeth  of  Sharks  were  numerous.  Among  the 
latter  one  large  tooth  belongs  to  Oxyrkina  trigonodon,  Agassis,  which 
I  also  obtained  from  the  clay  of  Rupelmonde.  A  second  species 
comes  nearest  to  Carcharodon  EscAeri,  Agassis,  and  may  perhaps  be 
identical,  although  less  oblique  than  the  specimen  figured  by  Agas- 
sis, who  procured  his  fossil  from  the  Molasse  of  Switzerland.  I 
found  mixed  with  these  many  unrolled  bones  of  Whales  of  a  difCuiac 
species  from  that  which  I  had  seen  in  the  yellow  crag  at  Antwerp. 
Prof.  Owen  was  able  from  my  specimens  to  refer  these  bones  to  the 
caudal  and  cervical  vertebrae  of  some  species  of  Cuvier's  extinct  genus 
Zip  hi  us.  The  caudal  vertebra  is  3£  inches  in  its  larger  diameter.  I 
was  told  of  many  other  places  where  cetacean  relics  occur  near  Ant- 
werp; and  M.  Van  Beneaen,  in  his  memoir  on  the  subject,  states  that 
it  is  scarcely  possible  to  penetrate  a  few  feet  beneath  the  soil  at  the 
villages  of  Wommelghem  and  Deurne  without  encountering  cetacean 
remains  which  have  formed  parts  of  entire  skeletons  buried  on  the 
spot.  Some  of  these  fossils,  dug  up  at  Antwerp  within  the  waQs  of 
the  city,  were  figured  by  Cuvier,  and  referred  to  his  genus  ZtpAtms*. 
At  NieL  near  Antwerp,  M.  Van  Beneden  met  with  an  ear-bone,  which 
he  ascribes  to  the  genus  Rorqual  or  Bahawpteraf. 

We  may  therefore  regard  such  cetaceans  as  truly  characteristic  of 
the  Antwerp  Crag ;  a  fact  strongly  confirmatory  of  the  opinion  enter* 
tained  by  Mr.  Searles  Wood  and  Mr.  Charlesworth,  and  advocated 
by  myself  in  1851  J,  that  the  cetacean  relics  met  with  in  the  Crag 
of  Suffolk,  much  worn  and  rolled,  have  not  been  derived  from  the 
London  clay,  as  some  had  contended,  but  were  more  probably  washed 
out  of  denuded  beds  of  crag ;  it  being  clear  that  strata  in  Belgium  of 
the  same  age  as  the  Suffolk  Crag  were  accumulated  in  a  sea  inhabited 
by  numerous  Whales  belonging  to  several  genera. 

The  Crag  of  the  neighbourhood  of  Antwerp,  like  that  of  Suffolk, 
is  very  variable  in  composition,  and  often  entirely  devoid  of  foarfli, 

*  Cut.  On.  Post.  pL  27.  fin.  7  &  8. 

t  Bullet.  Acad.  Roy.  de  Belsiqae,  1846.  vol.  xiii.  pi.  1.  p.  257. 
X  Manual  of  Geology,  3rd  edit  p.  166. 
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In  some  districts  near  the  sea  it  is  concealed  beneath  a  superficial 
covering  of  stiff  tenacious  clay  of  fluviatile  origin,  provincially  called 
"  Polders/'  full  of  recent  land  and  freshwater  shells,  and  resembling 
the  dark-coloured  clay  now  deposited  by  the  Scheldt  during  its 
annnftl  inundations. 

In  the  absence,  therefore,  of  natural  sections,  it  is  not  always 
possible  to  obtain  good  proofs  of  the  relative  position  of  particular 
masses  of  sands  and  clay  occurring,  here  and  there  at  the  surface, 
although  the  same  have  appeared  to  MM.  Nyst  and  De  Wael  to 
contain  internal  or  palseontological  evidence  of  being  of  different  ages. 
This  conclusion  has  been  deduced  principally  from  the  greater  or  less 
agreement  of  the  shells  with  living  species,  especially  with  those  now 
existing  in  the  neighbouring  sea ; — a  subject  to  which  I  shall  refer 
more  rally  in  the  sequel. 

1 .  Fellow  Crag.    Upper  Antwerp  Crag. 

At  Calloo,  one  of  the  spots  most  fertile  in  fossil  shells,  situated  two 
leagues  N.W.  of  Antwerp  (see  Map,  PI.  XVII.  fig.  1)  on  the  left 
bank  of  the  Scheldt,  M.  de  Wael  observed  the  following  section  of 
strata  referred  by  him  to  the  upper  or  yellow  crag : — 

Thickness, 
feet,  inches. 
1  6 
3  6 
1  0 
5  0 


11  0 

The  following  is  a  list  of  shells  from  this  spot  in  the  collection  of 
M.  de  Wael,  to  which,  with  the  assistance  of  Messrs.  Searles  Wood 
and  Morris,  I  have  added  two  columns  showing  the  proportion  of 
Antwerp  species  common  to  the  Red  and  Coralline  Crag  of  Suffolk, 
and  another  column  to  indicate  which  species  are  still  living.  In 
identifying  shells,  enumerated  by  M.  de  Wael  in  his  MS.  lists,  of 
which  I  do  not  possess  specimens  from  Calloo,  we  have  availed  our- 
selves of  M.  Nyst' s  figures  and  descriptions ;  but,  if  any  doubt  existed 
as  to  the  species  meant,  it  has  been  omitted  altogether. 

The  column  specifying  the  rarity  or  abundance  of  the  shells  is  fur- 
nished by  M.  de  Wael,  and  may  be  useful  in  determining  the  depth 
of  the  sea  in  which  the  strata  were  formed.  Where  there  is  a  blank 
in  that  column,  the  species  are  neither  common  nor  rare,  although 
some  of  them  may  be  very  rare  in  collections  owing  to  their  fragility. 


1.  Mud  or  "polder". 

2.  Clay  and  loam  . .  . 

3.  Yellow  sand  

i.  Yellow  shelly  sand. 
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Table  II. 

Table  of  Shells  from  the  Upper  or  Yellow  Crag,  collected  kj 
M.  Norbert  de  Wael  at  Calloo,  near  Antwerp.  


2. 
3. 
4. 
5. 
6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 

15. 
16. 
17. 

18. 

19. 


20. 

21. 
22. 

23. 

24. 

25. 

26. 
27. 
28. 
29. 
30. 
31. 


33. 
34. 


Solen  ensis,  Linn  

?  Ensis  complanatus,  Sow. 

Solecuitu*candidus?,  Ren  

Glycimeris  angusta,  Nyst  

Mya  arenaria,  Linn  

Corbulomya  complanata,  Sow.., 
Corbula  gibba,  Otiv  

C.planulata,  Nyst. 

Lutraria  elliptic*,  Lamk  

Mactra  solida,  Linn  

 arcuata,  Sow  

 ineauilateralis,  Nyst  

Erycina  depressa,  Nyst  

Ligula  alba,  IV.  Wood  

Petricola  laminosa,  Sow  

Psammobia  Dumontii,  Nyst  

P.  vespertina  ?,  Turton. 

Tellina  Benedenii,  Nyst   

 obliqua,  Sow  

 crassa,  Pennant   

T.  obtusa,  Sow. 
 calcarea,  Gtnel  

T  ovata,  Nyrt. 
Tellina  lupinoides,  Nyst   

T.  articutata,  Nyst. 

Lucinopsis  Lajonkairu,  Payr. 
Donax  striatella,  Brocc  

Tellina  donacina,  Linn. 

Lucroa  astarte,  Nyst  

 radula,  Lamk  

L.  antiquata,  Sow. 
 digitaria,  Linn,   

L.  cnrviradiata,  Nyst. 
Cyprina  tumida,  Nyst   

C.  rustica,  Sow. 
Astarte  borealis,  Linn  

A.  plana,  Sow. 

 Basterotii,  Lajonk  

Venus  striatella,  Nyst   

Artemis  exoleta,  Linn  

Cardium  Paridiisoni,  Sow  

 oblongum,  Nyst   

 edule,  var.  Ltnn  

C.  ednUnnm,  Sow. 

Cardita  scalaris,  Sow  

Nucula  Uevigata,  Sow  

Pectuncnlos  glycimeris, 

P.  variabilis,  Sow. 


very 


Cor.  '  Bed. 


very  i 

rare, 
very  rare. 

rare. 


very  rare, 
rare. 


very  common. 

▼cry  rare, 
very  rare 
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Tab!*  II.  (continued). 


Cor. 


Red. 


Re- 
cent 


36. 

37- 
38. 


41 

42. 


36.  Pecten  mwrimus,  Linn  

P.  eomplanatus,  Sow. 

—  opercularii,  Linn  

P.  Sowerbyi,  Nyst. 

dubius,  Bronchi   „ . 

P,  radians,  Nyst. 

— *  Puaio,  Pennant  t,  

P.  striatus,  Sow. 

39.  Anomia  ephippium,  Linn  

40.  Ostrea  edulis,  Linn  

Emarpinula  fissura,  Linn  

orassa,  Sow  

43.  Fissurella  gneca,  Lamk  

44.  CalyptraBa  sinensis,  Desk.  

recta,  Sow. 

45.  Trochus  cinerarius,  Linn  

T.  ootosulcatus,  Nyst. 

46.  Littorina  suboperta,  Sow  

47.  Turritella  inerassata,  8ow.  (recent, 
Mediterranean)  

T.  trlpUcata,  Brooe. 

48.  Melania  terebeltata,  ffyst  ... 
Pahdestrina  terebellata,  8,  Wood, 

49.  Toraatella  (Actseon)  Now,  Nyst 

50.  Natica  crassa,  Nyst   

51.   Sowerbyi,  Nyst   

62.  Bulla  cyHndraoea,  Pennant   

B.  eonvoluta,  Nyst. 

53.  Fusus  eontrarius,  Gmel  

64.  coraeus,  Sow  

65.  Pleurotoma  tumcula,  Brocck. 
 mitrola,  Sow  

**SSr<a  a^heSShu,  Sow. 

Purpura  lapillus,  Linn  

Mwrem  incrassatus,  Nyst. 
Rostellaria  pes  pelicani,  Linn... 
Buccinum  (Nassa)  reticosum,  Sow, 
B.  elmgatum,  Sow. 
B.  rugosum,  Bow. 
B.  reticosum,  Sow. 

 labiotum,  Sow  

 propinquum,  Sow.  ..... 

63.  undatum,  Limn  

B.  tenerum,  Sow. 

64.  Terebra  inveraa,  Nyst  

65.  Voluta  Lambertd,  Sow  

66.  Cyprpea  europsea,  Mont  

C.  coceineUoides,  Sow. 
C.  coccinella,  Nyst. 


common, 
very  common. 


rare. 

common, 
common, 
very  rare, 
very  rare, 
very  rare, 
rare. 

rare. 

rare. 

very  rare. 


very  rare, 
common. 

rare. 

rare. 


58. 

59. 
60. 


61. 


very  rare. 

rare. 

rare, 
common. 


rare, 
rare. 

rare, 
rare, 
rare. 


46 


* 
♦ 


59 


37 
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Three  shells  of  the  above  list — Astarte  Basterotu,  Turriidtm  w- 
crassata,  and  Purpura  tctragona — are  so  rare  at  Calloo,  and  so  nuaeh 
worn  when  they  occur,  that  they  are  believed  bvM.de  Wad  to 
have  been  derived  from  an  older  bed  of  the  Middle  or  Grey  Crag. 
A  single  rolled  valve  of  Astarte  corbuloides  is  supposed,  in  Kke 
manner,  to  have  been  washed  out  of  an  older  bed.  But  the  admis- 
sion or  omission  of  these  fossils  will  not  be  found  to  affect  the  fill- 
lowing  conclusions,  which  may  be  drawn  from  the  whole  list : — 

1st.  The  result  which  is  most  striking,  is  that  out  of  66  shefis  a* 
less  than  64  are  common  to  the  Suffolk  Crag ;  occurring  either  m 
the  red  or  coralline  crags.  There  can,  therefore,  be  no  doubt  of  the 
contemporaneity  of  the  Upper  Crag  of  Antwerp  with  the  English  or 
Suffolk  Crag. 

2ndly.  Fifty-nine  species  out  of  66  are  common  to  the  red,  sad 
45  to  the  coralline  crag,  so  that  the  resemblance  to  the  red  or  upper 
crag  is  greatest. 

drdly.  Thirty-seven  out  of  66,  or  more  than  half  the  sheik 
(55  per  cent.),  have  been  identified  with  living  species ;  and  the  ana- 
logy .of  these  with  the  fauna  of  the  Northern  Seas  is  very  great,  as  m 
the  case  of  the  Crag  of  Suffolk. 

The  upper  or  yellow  sand  is  usually  unconsolidated,  and  for  the 
most  part  without  shells ;  often  micaceous,  and  occasionally  with  a 
slight  mixture  of  argillaceous  or  calcareous  matter.  At  SteuYtnberg, 
a  locality  before  alluded  to,  which  I  visited,  in  the  eastern  suburbs  of 
Antwerp,  some  beds  were  formerly  worked  which  were  so  calcareous 
as  to  be  used  for  roads,  and  even  burnt  for  lime ;  the  carbonate  of 
lime  appearing  to  be  derived  from  the  decomposition  of  shells.  From 
this  snot  M.  de  Wael  has  in  the  course  of  many  years  obtained  the 
following  shells,  which,  like  those  of  Calloo,  have  been  compared  with 
British  Crag  species  by  Mr.  Wood. 


Table  III.* 

Fossil  Shells  from  the  Upper  or  Fellow  Crag  at  Steuvenbere,  «  the 
Eastern  suburbs  of  Antwerp,  collected  by  M.  Norbert  de  nmel. 


Cor.  Bed. 


1.  Solen  ensis,  Linn  

2.  Soleeurtus  candidus,  Ren  

3.  Glycimeria  angusta,  Nyst   

4.  Corbula  gibba,  OUo  

5.  Corbulomyacomplanata,  Sow. 

6.  Mactra  arcuata,  Sow  , 

7.  striata,  Nyst   , 

3f.  dubia,  Sow. 

8.  Err  cilia  amhigiia,  Nyst  

KeUia  ambtgua,  8.  Wood. 


very  rare, 
rare. 


very  common, 
very  rare. 


rare. 


*  The  fyooajBi  givea  in  Table  IL  axe  not  repeated  hare. 
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Table  III.  (continued). 


Cor. 


Red. 


Re- 
cent 


9.  Erycina  faba,  Nvst   

Montacuta  biaentata,  Montag. 

10.  Petricola  laminosa,  Sow  

11.  Paammobia  Dumontii,  Nyst  

P.  Feroensis,  Lamk. 

12.  Tellina  Benedenii,  Nyst   

13.  calcarea,  Qmel  

14.   solidula?,  Pennant   

15.  Donaz  striatella,  Brocc  

16.  Lucina  astartea,  Nyst   

17.   radula,  Lamk  

18.  Diplodonta  dilatata,  Phil  

19.  Astarte  borealis,  Linn  

20.   Basterotii,  Lajonk  , 

21.  Venus  striatella,  Nyst   

22.  Artemis  exoleta,  Linn  

23.  Cardium  edule  var.,  Sow  , 

24.  Cardita  scalarii,  Sow  , 

25.  Nucula  depressa,  Nytt  , 

26.   laevigata,  Sow  , 

27.  Pectunculus  glycimeris,  Linn. .., 

P.  variabilis,  Sow. 

28.  Mytilus  antiquorum,  Sow  , 

29.  Pecten  opercularis,  Linn  

30.  Anomia  ephippium,  Linn  , 

31.  Ottrea  edulis,  Linn  , 

32.  Lingula  Dumortieri,  Nyst   , 

33.  Emarginula  crassa,  Sow  , 

34.  Calyptraea  sinensis,  Linn  , 

35.  Trocnns  papillosus,  Da  Costa  .. 

T.  simuis,  Sow, 

36.  trigonostomus,  Basterot .. 

Adeorbis  subcarinatusfV?ood.. 

37.  Natica  crassa,  Nyst   

38.  Scalaria  frondicula,  Wood  

39.  subulata,  Sow  

40.  Turritella  incrassata,  Sow  

41.  Eulima  subulata,  Risso  

42.  Tornatella  conoidea,  Nyst   , 

43.  Bulla  cylindracea,  Pennant   , 

44.  Auricula  pyramidalis,  Sow  

Conovtuus,  Wood. 

45.  Rostellaria  pes  peticani,  Linn. .. 

46.  Fusus  contrarius,  Sow  

47*  Buccmum  reticotum,  Sow  

48.  labiosum,  Sow  

49.  propinquum,  Sow  

60.  Terebra  lnyersa,  Nyst   

51.  Volute  Lambert^  Sow  

52.  Cyprsa  Europflea,  Qmel  


- 


rare, 
rare. 

common, 
rare, 
rare. 


rare, 
rare. 


rare. 


common, 
rare, 
rare. 


rare, 
rare. 


rare, 
common, 
very  rare. 

rare. 

rare. 


rare, 
rare, 
rare. 


common, 
common, 
rare. 


rare, 
rare. 


rare, 
rare, 
very  rare. 


* 

39 


* 
* 
* 

* 

* 

17 


31 


v  2 
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In  this  ligt  of  52  special  it  will  be  seen  that  no  lesa  than  49  specie*, 
or  all  but  3,  occur  in  the  Suffolk  Crags;  37  in  the  red,  and  39  m  tfct 
Coralline  eng.  Thirty-one  of  the  species  are  recent  (60  per  ccbL),  a 
larger  proportion  than  at  Calloo. 

2.  Middle  or  Grey  Crag. — Next  in  age,  in  the  opinion  of  M-deWsri, 
is  the  grey  crag  before  mentioned,  called  Cray  grit,  or  Cmg  suyra. 
It  has  afforded  the  largest  number  of  fossil  shelly  as  will  be  mm  by 
the  following  list. 

Tabu  IV. 

Fossil  Shells  from  the  Middle  Crag  (Crag  moyen  or  Crag  gris), 
collected  by  M.  Norbert  de  W*d. 


Cor. 


5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 

16. 

17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 

25. 
26. 

27. 

28. 

29 


Corbula  gibba,  OUv..~  

 (Poromya)  granulata,  Nyst  

Mactra  striata,  Nyst  

Syndosmya  prismatic*,  W.  Wood  .... 

Ampkiaesma  prismaticnm,  Montag. 

Ligula  donaciformis,  Nyst. 

Telhna  obliqua,  Sow  

— —  lupinoides,  Nyst   

—  Benedenii,  Nyst  

Luana  radula,  Montag  #. . 

— —  digitaria,  Limn  

 astarte*,  Nyst   

Axinus  (Cryptodon)  shraosus,  Donov.. 

Diplodonta  diktat*,  Phil  

Cyprina  rustic*,  Sow  

 islandica,  Linn  

Astarte  mutabilis,  Wood  

A.  planata,  Nyst  (non  Sow.). 

—  borealis,  Limn  

A*  plana,  Sow. 

— < —  Basterotii,  Lajonk  , 

 Omalii,  Lajonk  

 Burtini,  Lajonk  

 obkauata,  Sow  

 gracilis,  Golay.  

— —  corbukrides,  Nyst   

 sulcata,  Mont  , 

Venus  spadicea,  Ren  

V.  ovata,  Mont 
— —  rudis,  Poli  

—  imbricata.  Sow  

Astarte  imbricata,  Sow. 

— —  minima,  Mont  

 chione,  var.,  Linn  

V.  ehionoides,  Nyst. 
— —  turgida,  Sow  

V.  multilamellata,  Nyst. 

V.  casina,  Linn. 
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Table  IV.  (continued). 


2*9 


Cor. 


Red. 


30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 

39. 

40. 
41. 
42. 

43. 
44. 
45. 

46. 
47. 
48. 
49. 
50. 
51. 
52. 


53. 
54. 


55. 
56. 
57. 
58. 
59. 
60. 


61. 


63. 
64. 

65. 
66. 


Artemis  exoieta,  Linn  

Cardium  echinatum,  var.?,  Linn. 
edule,  vaf .,  Linn  


Isocardia  Cor,  lAnn. 

Cardha  chamteformis,  Soto  

 >  orbicularis,  Sow  

 scalaris,  Sow  

— —  squamulosa,  Nyst   

Nucula  depressa,  Nyst  

Leda  semistriata,  S.  Wood. 

Limopsis  aurita,  Brocchi   

Trigonocalia  snbUmgata,  Nyst. 

Pectunculus  glydmeris,  Linn  

Lima  subauriculata,  Montag  

Pecten  maxima*,  Linn  

JP.  grandis,  Sow. 
 Westendorpianua,  Nyst   

—  opefcularis,  Linn  

 dubius,  Brocc  

P.  radiant,  Nyst. 

—  pusio,  Pennant  

 Gerardii,  Nyst  

 tigerinus,  MHU.  

Anomia  ephippiuffl,  Linn  

Ostrea  prince**,  S.  Wood  

 oralis,  Linn  

Terebratula  grandis,  Blum  

T.  gigantea,  Boh  loth. 

T.  variabilis,  Sow. 

Lingula  Dumortieri,  Nyst   

Dentalium  entale,  Linn  

D.  sernichtusnm,  Nyst. 

D.  costatuml,  Sow. 

Emarginula  fissura,  Linn  

 crassa,  Sow  

Fissurella  groca,  Jvi**...»...  . 

Calyptnsa  sinensis,  Linn  

Pileopsis  nn^arica,  Linn  

Trochus  papiUosus,  Da  Costa  

T.  granosus,  Nyst. 

T.  similis,  Sow. 
— —  zizyphinus,  Linn..  

T.  keoigatus,  Sow. 

7.  SedgwickU,  Sow. 

— ■  Kickxii,  Nyst  ....  

 cinerarius,  Lmn*  •  

Solarium  turbinoides,  Nyst  

Margarita  maculata,  S.  Wood. 

Littorma  suboperta,  Sow  

Scalaria  frondicula,  5.  Wood   


Re- 
cent 
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Table  IV.  (continued). 


67.  Turritella  incrassata,  Sow. 
Natica  cirriformis,  Sow.  ... 
 crassa,  Nyst  

—  hemiclausa,  Nyst  

—  clausa,  Brod.  Sf  Sow. 

 Sowerbyi,  Nyst   

Bulla  lignaria,  Linn. 


69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 


cyhndracea,  Penn  

CanceUaria  umbilicaris,  Brocc., 


coronata,  Scacchi . 
C.  varicosa,  Phil. 

77.  Fosus  alveolatus,  Sow  

78.  contrariua,  Gmel  

79.  clathratus?,  Lands  

80.  cornem,  Sow  

81.  echinatus,  Sow  

Murex  muricatus,  Mont. 

82.  Pleurotoma  intorta,  Brocc.  ... 

83.   turricula,  Brocc  

84.  Rostellaria  pes  pelicani,  Lara. 

85.  Buccinum  Dalei,  Sow  

JB.  crassvm,  Nyst. 

86.  flexuosum  f,  Brocc  

87.  elegant,  Sow  

88.  reticosum,  Sow  


89. 

90. 
91. 
92. 
93. 
94. 


JB. 


un  datum,  Linn, 
tenerum,  Sow. 

 propinquum,  Sow.  ... 

 labiosum,  Sow  

Caaaidaria  bicatenata,  Sow. 
Ringicula  buccinea,  Brocc. 
Cypraea  europaea,  Gmel.  ... 


Cor. 


71 


76 


46 


In  the  above  list  of  94  species  it  will  be  observed,  by  fefereuce  to 
the  first  two  columns,  that  all  but  four  of  them  are  common  to  the 
Crag  of  Suffolk,  and  that  76  occur  in  the  red  crag,  and  71  in  the  older 
or  coralline  crag.  The  proportion  of  recent  species,  as  given  in  the 
third  column,  is  46,  or  nearly  half  of  the  whole,  rather  a  smaller 
proportion  than  in  the  yellow  crag,  as  shown  in  Tables  II.  and  III. 

3.  Glauconi/erous  Crag  or  Crag  Noir.  Lower  Antwerp  Crag. — It 
has  hitherto  been  the  opinion  of  the  Belgian  geologists  that  the  gba- 
coniferous  crag,  or  the  dark  green  shelly  sand  of  Antwerp,  was  con- 
siderably older  than  the  two  preceding  groups,  departing  much  far- 
ther in  its  fauna  from  that  of  the  existing  seas,  and  containing  many 
shells  common  to  older  tertiary  formations. 

When  I  submitted  a  small  collection  of  specimens  which  I  obtained 
myself  from  this  bed,  consisting  of  the  more  abundant  and  thereto 
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most  characteristic  fossils,  to  Mr.  Searles  Wood,  on  my  return  from 
Belgium,  he  came  to  a  different  conclusion,  which  induced  me  to 
examine  more  critically  the  evidence  furnished  to  me  on  this  point 
by  M.  de  Wael. 

In  the  following  Table  I  have  enumerated  all  the  species  named  in 
M.  de  WaePs  MS.  lists  which  could  be  distinctly  recognized,  whether 
by  the  aid  of  specimens  in  my  own  collection  (chiefly  presented  to 
me  by  M.  de  Wael),  or  by  the  figures  of  M.  Nyst,  and  hare  only 
omitted  a  small  number  respecting  which  M.  de  Wael  has  himself 
expressed  doubts.  The  results  will  be  given  at  the  conclusion  of  the 
annexed  Table. 

Table  V. 

Shells  from  the  Glauconiferous  or  Lower  Crag  of  Antwerp  (Crag 
noir),  in  the  collection  o/M.  Norbert  de  WaeL 


Cor. 


Red. 


Re- 
cent 


6. 

6. 

7. 

8. 

9. 
10. 
11. 

12. 
13. 
14. 

15. 
16. 
17. 
18. 
19. 
120. 
21. 
22. 


23. 
24. 
25. 

26. 


Corbula  gibba,  Oliv  

 (Poromya)  granulata,  Nyst 

 Waelii,  Nyst  

Neara  costeUatal,  Forbes  and 
Hanley. 

Mactra  striata,  Nyst  

M.  elliptica,  Brown. 

Erycina  ambigua,  Nyst.  

Syndosmya  prismatica,  W.  Wood. 

Saxicava  arctica,  Linn  

Donax  fragilis,  Nyst  

Lucma  radula,  montag  

Diplodonta  dilatata,  Phil  

Astarte  radiata,  Nyst  , 

A.  gracilis!,  Miinst. 

 minuta,  Nyst   , 

 Omalii,  Lajonk  , 

Venus  multilamellata,  Sow  

V.  turgida,  Sow. 

—  incrassata,  Sow  

Cardium  turgidum,  Brander  .... 

Isocardia  lunulata,  Nyst   , 

Cardita  squamulosa,  Nyst  

 corbis,  Phil.  

 orbicularis,  Sow  

Nucula  depressa,  Nyst  

 Phihppiana,  Nyst  •  

N.  tenuis,  Phil. 

N.  pygnuea,  Goldf  . 

 Westendorpii,  Nyst  

— —  Hasendonckii,  Nyst  

Limopsis  aurita,  Brocc  

L.  sMamgata,  Nyst. 
 decussata,  Nyst   

Trigonocctlia  pygmaa,  PhiL 


common, 
very  rare, 
rare. 


common. 

rare, 
common, 
common, 
very  rare, 
common, 
common, 
common. 

rare, 
very  rare, 
common. 

rare, 
rare, 
rare, 
rare, 
very  rare, 
rare. 


common. 


rare, 
rare. 


very  rare. 
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27. 
28. 
29. 
30. 
31. 

32. 

33. 
34. 
35. 
36. 

37. 
38. 
39. 
40. 

41. 
42. 
43. 
44. 
45. 

46. 

47. 
48. 
49. 
50. 
51. 
52. 
53. 

54. 

55. 

56. 
57. 
58. 
59. 

60. 
61. 
62. 
63. 
64. 
65. 


Pefcttiticultii  glyrimeris,  Lamk. 

Area  diluvii*  Lamk  

— * —  punllft*  tipst*  .».*... 

Mytilus  wriceus,  GoJ#\». 

Pecten  Lamalii,  Nyst   

P.  Br*«\  Payr. 

 maximus,  hi**.  ....  

P.jacobams,  Lamk. 

Ostrea  cochlear?,  Poli  

Dentalinm  coetatum,  Sow  

entale,  Linn., 


Patella  virginea?,  young,  MUM. 

Ancylus  compnssus,  Nyit. 

Calyptrfea  wnenwa,  Lttra.  

TYocnus  papilkwus,  Da  Costa  . 
8olarium  turbinoides,  Nyst .... 
Scalaria  lamellosa,  Brvce  

S.fmbHosa,  Wood. 

Tlirntelk  incrassata,  Sow  

Etilima  subulata,  Montag  

TornateUa  elongata,  Sow  

■  striata,  Sow  •  

Pyraxnidella  beviutcula,  S.  Wood... 

P.  tenbeUata,  Nyst. 
Natica  Sowerbyii,  Nyst  

—  crassa*  Nyst  , 

Bulla  cylindracea,  Pen*  , 

■  constricta,  Sow. 
— —  utricula,  Brocehi  

—  acuminata,  Bng  , 

Cancellaria  varicoaa,  Brocchi 
— — mtauta,ty*t(?  young  of  C.I 

plamispira)    r 

- —  Mkhelinii,  Bellardi  , 


— —  evulsa,  Brander   , 

Pleurotdma  turricula,  Brocc.  ., 

— — dubia*  Crist  , 

— —  cheilotoma?,  Bast  ».», 

— —  crenulata,  Bast  , 

P.  Stqffelsu,  Nyst. 
— — intorta,  Brocthi  .......... 

Typhis  cunkulotus,  Duckastet . 

Gaaridaria  bicatenata,  Sow  

Buccinum  prismaticum,  Brocc., 

Ringicula  buccinea,  Brocc  , 

Cypnea  europca,  Omeit  ........ 


v  ery  cottunoh. 
very  rare, 
very  rare, 
very  rite, 


very  rare. 

very  rare, 
rare, 
rare, 
rare. 

rare. 

rare. 


rare, 
very  rare. 


rare. 

cotnfflon. 

rare, 
common. 


fire, 
rare, 
very  rare. 

rare. 

Very  rue. 
one  individual. 

very  rare, 
one  individual. 


very  rare, 
very  rare, 
rare. 

very  fare. 

rare, 
very  rare. 

rare, 
common, 
very  rate. 


Cor. 


49 


28 


30 
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Several  species  of  Foraminifera  (Nodosaria,  Sec.)  and  several  Bryo* 
torn  are  also  in  M.  de  Wad's  collection  from  this  deposit. 

Of  the  abore  65  species  of  fossil  mollusca,  all  but  16  are  found  in 
the  Suffolk  Crag.  This  number  of  exceptions,  however,  is  greater 
than  in  the  former  lists.  Most  of  them  are  marked  as  very  rare  by 
M.  de  Wael,  and  Several  of  these  are  Rupelmonde  Clay  species,  which 
may  have  been  washed  out  of  that  older  formation,  such  as  CancsU 
laria  ethtUa,  Typhis  cuniculosus,  and  Venus  incrassata.  In  regard 
to  Cardium  turgidumi  a  Barton  shell,  I  had  no  means  of  comparing 
it  with  British  specimens. 

The  proportion  of  coralline  crag  shells  is  42  out  of  the  65  species, 
while  there  are  only  28  common  to  the  red  crag.  This  preponde- 
rance of  coralline  crag  species  is  in  favour  of  the  somewhat  greater 
antiquity  of  the  crag  noir.  The  proportion  also  of  recent  species, 
30  in  65,  or  about  46  per  cent.,  is  less  than  in  the  upper  and  middle 
crag  of  Antwerp.  This  would  indicate  a  period  more  remote  from 
our  times,  if  we  could  feel  sure  that  several  of  the  extinct  species, 
which  are  so  extremely  rare,  have  not  been  derived  from  older  beds. 

On  comparing  Tables  III.  and  IV.,  it  will  appear  that  30  species 
are  common  to  the  crag  gris  and  crag  noir,  which,  when  we  consider 
the  total  number  of  known  species  as  fragmentary  representations  of 
the  marine  fauna  to  which  each  respectively  belongs,  indicates  a  very 
close  approximation  in  age  for  the  beds  in  question. 

Table  VI. 

Showing  the  number  of  fossil  species  of  Mollusca  in  the  three  divi- 
sions of  the  Antwerp  Crag,  and  their  relation  to  the  Suffolk  Crag 
and  Recent  fauna. 


Number  of 
■pedes. 


Upper  or  yellow  crag  of  Calloo* 
Upper  or  yellow  crag  of  Steu-  \ 

venbergt   J 

Upper  crag  of  Calloo  and  Steu-  \ 
venbergunited(Tabs.ILHL)  J 

Middle  crag  J  

Lower  cragf  .<  


66 
62 

81 

94 

65 


Coralline 


46 
39 

56 

71 
42 


Red. 


59 
37 

68 

76 
28 


Recent. 


37 
31 

46 

46 

30 


§  4.  Sands  and  Iron-sandstone  of  Diest  (B.  2.  Table  I.  p.  279). 
Systbme  Diestien  of  M.  Dumont. 
The  series  of  which  I  have  next  to  speak  has  been  named  by 
M.  Dumont  from  the  town  of  Diest,  about  thirty  miles  N.E.  of 
Brussels,  where  the  strata  are  of  considerable  thickness,  but  where 
they  have  yielded  as  yet  no  fossils.  They  consist  for  the  most  part 
of  ferruginous  sands  and  beds  of  a  brown  iron-sandstone,  with  occa- 
sionally quartKose  sands  abundantly  mixed  with  green  grains,  and 
sometimes  of  a  dark  green  or  bright  green  glauconiferous  sand. 

*  Bee  Table  II.     f  See  Table  III.     t  See  Table  IV.     §  See  Table  V. 
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On  the  whole,  in  mineral  character  and  aspect,  they  reminded  me 
much  of  the  ferruginous  division  of  the  Lower  Green  Sand  m  the 
South-east  of  England.  Occasionally  flint-pebbles  are  intermixed, 
and  sometimes  concretions  of  hydrate  of  iron  are  conspicuous.  In 
several  localities  thin  beds  of  day  separate  the  sands.  I  observed 
cross  or  false  stratification  on  a  large  scale  in  these  beds  east  of 
Louvain. 

I  found  the  hydrate  of  iron  or  limonite  exceedingly  -Hirtel 
about  two  miles  west  of  Louvain,  on  the  road  leading  to  Brussels,  k 
the  hill  called  "  Montagne  de  Fer,"  where  bright  green  grains  are 
mixed  with  the  quartzose  sand. 

The  only  spot  where  organic  remains  have  been  as  yet  observed  is 
three  miles  east  of  Louvain,  near  Kesseloo,  a  place  which  I  visited  m 
company  with  M.  Nyst,  and  where  we  collected  casts  of  a  species  of 
Turbinolia  ?,  tolerably  abundant.  In  the  same  locality  casts  of  the 
Terebratula  grandis  of  Blumenbach  (7*.  variabilis,  Sow.)  have  been 
discovered.  From  the  occurrence  of  this  shell,  a  species  very  cha- 
racteristic of  the  crag  of  England,  together  with  casts  of  other  genera, 
M.  Nyst  inclined  many  years  since  to  the  opinion  that  the  Diest 
sands  belonged  to  the  crag.    I  have  shown  the  casts  in  question, 

E resented  to  me  by  M.  Nyst,  to  Mr.  Davidson,  whose  accurate  know- 
idge  of  the  Bracniopoda  is  well  known,  and  he  entertains  no  doubt 
of  the  correctness  of  the  determination  of  this  large  Terebratula,  not 
only  from  the  form  of  the  shell,  but  from  the  impressions  of  the  pecu- 
liar processes  which  are  so  prominent  in  the  interior.  Terebratula 
grandis  occurs  in  the  Coralline  and  Red  Crags  of  Suffolk,  and  I  have 
seen  it  in  extraordinary  abundance  in  the  crag  of  St.  George  de  Bohon, 
near  Carentan,  in  Normandy. 

In  M.  Dumonf  s  Report  of  1839  I  find  the  Diest  sands  given  at 
next  below  the  Campinian  or  Antwerp  crag  series,  and  he  cites  easts 
of  Antwerp  shells,  Pechtneulus  variabilis,  Sow.  (P.pihsus  or  P-ffy- 
cimeris,  Linn.),  and  a  supposed  fragment  of  Sole*  earn,  as  having 
been  found  by  M.  Van  Beneden.  All  evidence  of  relative  age,  de- 
rived from  position,  seems  to  be  wanting,  or  is  confined  to  the  fact 
that  the  Diest  sands  overlie  the  Bolderberg  beds  to  be  mentioned  m 
the  next  section.  Without  the  aid  of  the  organic  remains,  we  could 
not  have  decided  whether  the  Diest  sands  were  allied  to  the  Antwerp 
crag,  or  to  the  Bolderberg  deposit,  or  were  quite  independent  of 
both.  Whether  they  are  more  nearly  related  to  the  Crag  aotr,  or  to 
any  other  of  the  Antwerp  crags  before  mentioned,  is  as  yet  un- 
certain. 

The  Diest  sands  are  very  conspicuous  in  Belgium  and  French 
Flanders,  as  forming  the  capping  or  hills  throughout  a  great  part  of 
the  country  where  the  tertiary  strata  occur.  I  first  saw  them  at 
Cassel,  near  Dunkirk,  capping  the  chain  of  hills  which  extends  from 
Cassel  into  Belgium.  On  Mont  Noir,  in  particular,  the  mass 
crowning  the  hill  consists  partly  of  gravel  with  a  ferruginous  cement, 
I'd  exhioits  hollow  tubular  concretions  of  hydrate  of  iron,  which  in 
detached  masses,  as  I  saw  them  lying  in  a  gravel-pit,  resembled  a 
pile  of  cannons,  or  a  heap  of  large  iron  cylinders  used  for  gat-pipes, 
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placed  horizontally  one  upon  the  other.  The  following  list  of  the 
casts  of  fossils  from  the  Diest  sands,  however  imperfect,  may  at  least 
serve  to  show  the  present  scanty  state  of  our  knowledge  of  this 
deposit. 

Fossils  from  the  Diest  Sands  ofKesseloo,  near  Louvain. 

1.  Terebratula  grandis,  Blum,  7.  Cardiam. 

T.  variability  Sow.  8.  Calyptnea. 

T,  Sowerbyi,  Nyst.  9.  Natica. 

71  maximus,  Chariesworth.  10.  Trochus. 

2.  Solen  ensis  ?,  Lin*.  11.  Buctinum. 

3.  Syndoamya  prismatica  ?,  W,  Wood,  12.  Fusus. 

Ugula  donactformit'i,  Nyst.  13.  Cerithinm. 

4.  Axinua?  14.  Terebra. 

5.  Mactra?  15.  Roatellaria. 

6.  Pectunculus.  16.  Turbinolia? 

§  5.  Bolderberg  Sands  (C.  Table  I.  p.  279).    Systeme  Bolderien 
of  M.  Dumont. 

Between  Diest  and  Hasselt,  and  about  forty  miles  E.N.E.  of  Brus- 
sels, a  small  ridge,  running  nearly  N.E.  and  S.W.,  and  rising  to  the 
height  of  about  50  feet  above  the  plain,  and  200  feet,  or  rather  less, 
above  the  level  of  the  sea,  is  called  the  Bolderberg  (see  Map).  It  is 
situated  about  five  miles  N.W.  of  Hasselt,  and  its  summit  is  formed 
of  the  sands  of  Diest,  already  described,  below  which  are  some  beds 
of  gravel  and  sand,  of  small  thickness,  in  which  the  fossils  exhibit  a 
marine  fauna,  quite  distinct  from  that  of  the  Antwerp  crag  on  the 
one  hand,  and  that  of  the  Limburg  or  Kleyn  Spawen  series  on  the 
other. 

Fig.  1 . — Section  of  the  Bolderberg, 

N.  B9  s. 


B 1.  Diest  wndi  and  iron-sandstone.  D.  Limburg  tindi  (RupeHen  of  Dusumt). 

C.  Bolderberg  Mnda  and  gravel. 

In  the  cutting  of  a  road  which  traverses  the  top  of  the  ridge  in  a 
direction  nearly  east  and  west,  and  in  other  openmgs  in  the  slope  of 
the  hill,  I  saw — 

1.  The  ferruginous  sands  of  Diest,  with  thin  pipes  of  irony 
sandstone,  in  horizontal  beds ;  the  whole  about  10  or  12  feet 
thick. 

2.  Next  below,  a  light  green  glauconite  and  layers  of  brown  sand, 
with  mica  and  quartz  grains ;  2  feet. 

3.  A  bed  of  gravel,  occasionally  cemented  into  a  conglomerate 
by  iron,  with  numerous  fragmentary  and  some  entire  shells — 
this  being  the  principal  shell-bed  of  the  Bolderberg  forma- 
tion ;  6  inches. 

4.  Ferruginous  and  whitish  sands ;  20  feet 

5.  Whitish  sand  and  pebbles,  with  some  shells,  mostly  in  frag- 
ments, and  with  numerous  large  Ostrece ;  occasionally  cemented 
into  a  conglomerate ;  6  inches? 
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I  may  observe  that  all  the  shells  occur  in  two  beds,  the  tnsiMi 
thickness  of  which  scarcely  exceeds  a  foot,  and  the  broken  ftsgsafls 
mixed  with  pebbles  cause  them  to  resemble  shells  thrown  Bp  on  a 

sea-beach. 

In  the  yellow,  white,  and  green  sands  which  underlie  these  Bolder- 
berg  beds,  no  shells  have  been  found.  They  are  referred  by  If*  Ds> 
mont  to  part  of  his  Rupelian  system,  but  were  it  not  for  the  acci- 
dental preservation  of  the  shells  in  the  gravels  Not.  3  and  5,  it  ■i—M, 
I  conceive,  have  been  impossible  to  separate  the  "  Bolderiaa**  frost 
the  overlying  "  Diestian,"  or  subjacent  "  Rupelian "  strata.  TW 
occurrence  of  glauconite,  which  in  some  countries  would  furnish  a 
mineral  character  of  considerable  use  in  distinguishing  formation,  is 
so  universal  in  Belgium  in  every  tertiary  group  as  to  afford  no  aid 
whatever. 

In  a  visit  of  a  few  hours  I  obtained  specimens  of  most  of  the  shdk 
hitherto  discovered,  and  the  Bolderberg  is  the  only  locsiitv  what 
any  fossils  of  this  peculiar  fauna  have  been  met  with  in  Algissi 
The  following  list  of  46  Mollusca  and  Corals  is  compiled  partly  frost 
my  specimens,  which  M.  Nyst  examined  and  named,  but  chieir  from 
information  supplied  by  M.  Bosquet  of  Maestricht.  A  large  part, 
however,  of  the  remains  are  mere  casta,  and  their  determination  it  by 
no  means  as  satisfactory  as  could  be  wished.  The  notes  of  mterrosjav 
tion  express  the  doubts  entertained  by  M.  Bosquet  or  by  mysttf  on 
the  subject. 

List  of  Fossil  Shells  and  Corals  from  the  Bolderhetf  near  Hmsselt. 

1.  Panopeea. 

2.  Corbula  pisum,  Sow 

3.   plannlata,  Nyst. 

4.  Mactra ;  so.  not  determined. 

5.  Tellina ;  allied  to  T.  Benedenu  of  the  Antwerp  Crag. 

6.  Donax  8toflelsii,  Nyst. 

7.  Lucina  astartea,  Nyst. 

8.  Venus  erycina,  var.  D.,  Nyst. 

V.  eryeinoidest%  Bast. 

9.  ■     chionoides  f,  Nyst. 

10.   rugosa,  Bronn ;  so  named  for  me  by  M.  Nyst. 

H.         similis f,  Nyst. 

12.  Venus ;  allied  to  V.  incrassata,  but  more  orbicular. 

13.  Astarte  radiate?,  Nyst. 

14.  Isocardia  harpa,  Qoldf. 

15.  Nucula  Ryckholtiana?,  Nyst. 

16.   subglobosa?,  Philippi. 

17.  Leda  interrupts,  Bosq. 

Nucula  interrupt^  FoU  (Nyst). 

18.  Pectunculus  pilosus,  Nyst. 

P.  ylyeimeris,  Lamk. 

19.  Area  latisulcata,  Nyst. 

20.  Pectsn  Sowerbyi,  Nyst. 

21.  Ostrea;  allied  to  O.  Meadei,  Sow.,  but  different* 
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22.  Phorus,  sp.  nov.  ? 

23.  TurriteUacrenultta?,  Nyst. 

24.   incisa  ?,  AL  Brongniart  (Nyst). 

25.  Natica ;  resembling  N  patula,  Lamk. 

26.  — —  olla,  Marcel  de  Serves. 

27.  Sigaretus  caualiculatus  ?,  £010, 

28.  Cancellaria  evulsa,  Brander. 

29.  — —  planispira,  jVy«l. 

30.   cassidia?,  Borson. 

31.  Angistoma  politum,  2fo*£. 

Fusus  politus,  Bronn. 
Columbella. 

32.  Pleurotoma  ramosa  f,  Bast. 

33.   turrit?,  Lamk. 

34.   8toffelaii,  Nyst. 

35.  ..  ■    ■  denticula  ?,  2fo«/. 

36.   acuticosta  ?,  JVy«f\ 

37.   subcanaliculata  ?,  MUnst. 

38.  —  filosa  ? ;  named  for  me  by  M.  Nyst. 

39.  Cerithinm  crassum,  Jhriard. ;  in  M.  Bosquet's  collection. 

40.  Terebra  pertusa,  var.  B.,  Basterot. 

41.  Eburna;  sp.  not  determined ;  in  M.  Bosquet's  collection. 

42.  Conus  Brocchii  ?,  Bronn. 

43.  Ancillaria  obsoleta,  Nyst. 

Buccinum  obsoletum,  Brocchi. 

44.  Oliva  Dufresnei,  Bast.  ;  according  to  M.  Nyst,  but  M. 

'Bosquet  doubts  this  identification,  as  the  Bolderberg 
species  is  smaller  and  shorter,  and  has  numerous  striae  on 
the  columella.  It  is  the  most  abundant  shell,  though 
never  quite  perfect. 

45.  Flabellum  Edwardsianum,  Bosq. 

46.   avicula,  Nyst  (Turbinolia  atricula,  Michelotti). 

47.  Lunulites  rhomboidalis,  Chtff. 

Although  the  above  list  comprises  47  species,  so  few  of  them  are 
in  a  perfect  state  that  we  cannot  well  compare  them  as  a  whole  with 
any  recent  or  fossil  fauna.  Some  of  the  supposed  instances  of  agree- 
ment, such  as  the  large  Ostrea  with  O.  Meadii  of  the  '  Mineral 
Conchology'  (an  oolite  species),  are  certainly  erroneous.  Never- 
theless, we  may  at  once  affirm  that  we  have  here  an  assemblage  of 
organic  remains  very  distinct  from  the  more  modern  crag  of  Antwerp 
or  the  more  ancient  Limburg  beds. 

Some  of  the  species,  such  as  Isocardia  harpa,  are  at  present  pecu- 
liar to  this  locality.  The  QHva  Hufresnei  ?  is  exceedingly  plentiful. 
The  genera  Oliva,  Conus,  Ancillaria,  and  Cancellaria  imply  a  warmer 
climate  than  that  of  the  Antwerp  crag. 

In  England  we  have  no  representative  of  the  Bolderian  formation 
of  Dumont ;  which  may  possibly  be  a  Miocene  deposit,  approaching 
nearer  in  age  to  the  faluns  of  Touraine  than  any  other  Belgian  group* 
The  climate  seems  to  have  been  not  unlike  that  which  prevailed  when 
the  faluns  of  the  Loire  were  deposited. 
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§  6.  Limburg  Tertiary  series  (D.  Table  I.  p.  279).  Systimm  Jrayi 
lien  and  Tongrien  of  Dumont.    Upper  Eocene  (Lower  Miocene  of 

some  writers). 

The  tertiary  strata  of  Belgium,  which  follow  next  in  the  descend- 
ing series,  or  which  underlie  the  Bolderberg  sands  already  described, 
have  been  long  known  to  palaeontologists  as  the  "Kleyn  Spawen 
beds."  At  the  village  of  Kleyn  Spawen,  in  the  ancient  province  of 
Limburg,  west  of  Maestricht  (see  Map),  and  in  the  neighbourhood* 
they  exhibit  several  marked  subdivisions  in  regular  order  of  snper- 
position. 

We  are  indebted  to  M.  Hubert  for  having  in  1849  pointed  out  the 
palaeontological  relation  of  the  Limburg  beds  to  the  highest  portion 
of  the  Parisian  series,  or,  in  other  words,  for  having  proved  them  to 
be  the  equivalents  of  strata  which  Cuvier  and  Brongniart  oripnaJrr 
styled  "  the  second  marine  formation,"  comprising  the  Gres  de  Fam- 
tainebleau  and  the  green  marls  with  Ostrea  eyathula  which  overne 
the  gypsum*. 

After  studying  the  Limburg  beds  with  the  advantage  of  the  asanmV 
ance  of  M.  Bosquet,  of  Maestricht,  I  came  to  the  conclusion  thai 
they  may  be  most  conveniently  divided  into  three  groups,  of  which 
the  uppermost  and  the  lowest  are  marine,  and  the  middle  flurio- 
marine.  The  uppermost  member  has  not  afforded  as  yet  in  the  Kleyn 
Spawen  district,  where  it  is  of  small  thickness,  more  than  thirty-two 
species  of  fossils,  chiefly  Mollusca  and  Entomostraca  (see  Table  IX.) ; 
but  at  several  places  on  the  Scheldt  near  Antwerp,  fifty  miles  E-N.E. 
of  Kleyn  Spawen,  especially  at  Rupelmonde,  Boom,  Basele,  and 
Schelle,  it  has  yielded  a  large  number  of  Mollusca.  The  names  of 
these  localities  are  familiar  to  the  readers  of  Nyst's  'Coquilles  terbaires 
de  Belgique/  and  as  I  visited  them  all  in  the  course  of  the  suuunei  I 
shall  now  describe  them.  (See  Map,  PI.  XVII.  fig.  1.) 

1.  Rupelmande  Clay  (Upper  Limburg  beds).    System*  RmpcUen  of 
M.  Dumont  (D.  1.  Table  I.  p.  279). 

Rupelmonde. 

Ascending  the  Scheldt  from  Antwerp  (see  Map),  for  a  distance  of 
about  eight  miles,  to  a  point  just  above  its  junction  with  a  small  stream 
called  the  Rupel,  we  see  on  the  left  or  north  bank  a  line  of  dins 
half  a  mile  lone  and  about  100  feet  high,  adjoining  the  village  of 
Rupelmonde.  These  cliffs  consist  chiefly  of  clay  used  for  brick- 
making.  At  the  top  of  the  perpendicular  precipice  appears  a  bed 
of  sand,  varying  from  5  to  20  feet  in  thickness,  and  below  it,  a  mast 
of  dark  clay  from  80  to  90  feet  thick,  under  which  I  was  informed 
u  hitish  sandy  strata  have  been  pierced  in  boring. 

The  yellow  sand  at  the  top,  usually  about  16  feet  thick,  is  strati- 
fied, and  in  it  I  found  a  few  fragments  of  shells,  apparently  belonging 
to  Corbula  planulata,  Nyst  (C.  gibba,  Otiv.},  and  Cyprina  tmmti§t 

st,  to  which  M.  de  wad,  of  Antwerp,  who  has  better  gprfoww 

*  Hebert,  Bulletin  de  la  Soc  (ML  de  France,  2  aer.  voL  vi.  p.  4*9,  April  IS* 
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than  mine,  refers  them.  I  also  obtained  fragments  of  an  Astarte, 
apparently  a  crag  species ;  so  that  I  hare  little  doubt  of  the  correct- 
ness of  M.  de  Wad's  opinion,  that  this  yellow  sand  represents  the 
upper  crag  of  Antwerp.  The  dark  clay  below  resembles  in  mineral 
character  the  London  clay,  and  contains,  like  it,  septaria,  or  concretions 
of  argillaceous  limestone*  traversed  by  cracks  in  the  interior  and  oc- 
curring in  regular  layers.  The  higher  beds  when  dried  are  thinly 
fissile.  Although  a  great  number  of  fossil  shells  are  annually  col- 
lected by  the  workmen  from  this  clay,  I  was  scarcely  able  to  find  any 
after  a  search  of  several  hours.  The  only  species  I  saw  in  situ  were 
Nucula  Deshayesiana,  a  fragment  of  a  Dentalium,  and  a  Shark's  tooth. 
But  I  obtained  more  than  twenty  species  from  the  labourers. 

Schelle  and  Boom. 

The  locality  of  Schelle  is  seen  from  Rupelmonde,  being  on  the  op- 
posite bank  of  the  Scheldt  (see  Map,  PI.  XVII  ).  Here  I  found  a 
mass  of  clay,  from  50  to  60  feet  thick,  covered  by  yellow  and  whitish 
sand  about  6  feet  thick. 

At  Boom,  which  is  on  the  same  side  of  the  river,  the  Rupelmonde 
clay  is  seen  about  30  feet  thick,  covered,  as  in  the  other  localities, 
with  the  yellow  sand  of  the  crag,  and  said  to  repose  on  whitish  sand 
full  of  water,  called  by  the  workmen  "  drift."  The  great  mass  of 
clay  at  Boom  is  divided  into  two  beds,  at  the  point  of  junction  of 
which  is  a  layer  of  huge  septaria.  The  lower  bed,  which  contains 
balls  of  pyrites,  is  a  stiffer  clay,  and  is  about  15  feet  thick.  The 
upper  is  more  sandy.  The  only  fossils  which  I  myself  found  were 
Pieurotoma  Selysii,  Nucula  Deshayesiana,  and  an  Anomia  ?  The 
shells  are  said  to  be  dispersed  through  the  clay.  The  only  small 
species  obtainable  from  the  workmen  in  any  locality  is  Corbula  pisum, 
of  which  I  saw  no  separate  individuals,  and  which  would  I  believe 
have  been  neglected  but  for  the  accident  of  their  being  frequently 
met  with,  aggregated  together  in  flattened  lenticular  masses  of  py- 
rites. I  suspect,  therefore,  that  the  Rupelmonde  fauna  would  be 
much  richer,  if  naturalists  had  not  hitherto  been  almost  entirely  de- 
pendent, like  myself,  for  their  fossil  molluscs  on  the  workmen,  who 
overlook  all  but  the  larger  and  more  conspicuous  species. 

A  description  of  forty-three  species  of  shells  from  this  formation, 
illustrated  by  figures  of  many  of  the  most  remarkable,  was  published, 
in  January  1837,  by  M.  de  Koninck*. 

M.  Nyst  has  had  the  kindness  to  furnish  me  with  a  corrected  list 
of  those  known  to  him  in  1851.  I  procured  specimens  of  all  the 
more  abundant  of  these,  twenty-eight  in  number,  on  the  spot,  and 
*  have  compared  them,  with  the  aid  of  Messrs.  Morris  and  Edwards, 
with  the  very  extensive  collection  of  shells  from  the  London  Clay  in 
the  possession  of  the  last-mentioned  of  these  gentlemen.  As  the  clay 
of  Rupelmonde  and  Boom  has  been  often  regarded  as  contempo- 
raneous with  the  London  Clay,  it  was  necessary  to  consult  larger 

*  Memtirea  de  l'Acad.  Roy.  des  Sciences,  dec.  de  Bruxelles,  torn.  xl,  Descript 
des  coq.  lots,  de  l'argile  de  Baiele,  Boom,  Schelle,  dec. 
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collections  of  the  English  species  than  had  hitherto  been  at  the  < 
of  Belgian  naturalists,  which  the  kindness  of  Messrs-  Morris  se*s 
Edwards  enabled  me  to  accomplish. 


Table  VII. 

List  of  Fossils  from  the  Clay  of  Rupelmonde,  Boom,  ami 


Name*  of  ipecie*. 

1,  Corbula  pisum,  Sow. 

2.  Lutrariaoblata?,  Sow. 


3.  Eryrinastriatula,jty*r. 

4.  Axiuus  Nystii,  Pat- 

lippi. 

A.  angulatus,  De  Kon. 
Lucina  GoodkaUM, 
Sow. 


6.  Astarte  Kickxii,  Nyst. 
6.  Venus  incrassata,  Sow. 


7.  Cardita  Kickxii,  Ny$t. 
C.  globosa,  Sow.  ? 


8.  Leda  Deahayesiana. 


9,  Nucula  archiacana, 
Nyst. 

10.  —  Chastelii,  Nyst. 

11.  Area  decussate,  A/Wsf. 

A,  m*ltistri*tatth 

Koninck. 

12.  Pecten  Hoeninghausii, 

Defr. 

13.  P.  Ryckholtii,  Nyst. 


14.  Oftrea  peradoia,  Nyst. 

15.  Dentalium  Kickxii, 

Nyst. 

16.  Phorui  Lyellianus, 


Observation*. 

Occurs  in  England  in  the  Upper  Mam 
'it,  in  the  day  of  Barton,  and 


of  Wii 

beds. 

M.  Nyst  considers  this  as  a  doubtful 
cation  from  imperfect  speehr  ~ 
poses  the  name  of  L.  dubim. 

A  shell  imperfectly  known. 

Mr.  Morris  observes  that  this  shell  is  < 
allied  to  Lucina  GoodhaUX,  Sow.  (€ 
Trans.  2  ser.  v.  tab.  8.  fig.  7\  a 
Clay  shell.  It  is  probably,  he  says,  only  i 
local  variety.  It  is  distinguished  by  tfc 
deeper  lunula,  the  more  produced  j 
folds,  and  divided  i 


M.  Nyst  does  not  feel  sore  of  this  i 
tion,  and  1  could  not  obtain 
compare  with  the  British  fossil.' 

Perhaps  a  variety  of  C.  abbot*.  It  is  maw* 
mediate,  observes  Mr.  Morris,  between  tv*s> 
varieties  of  that  shell  from  Bartow,  hi  saw 
collection  of  Mr.  Edwards.  The 
shell  is  move  depr  eased,  and  the 
somewhat  differently  ornamented. 

Larger  and  thicker  than  NmmU  smyysksmdm 
of  the  London  clay,  but  in  the 
much  resembling  the  English  abell. 

Very  rare ;  only  round  as  yet  in  ~  " 

Also  found  at  Hermsdorf,  near  Berlin. 
A  distmet  species  from  A 
with  which  M.  Nyat  originally 


A  small,  newly  discovered 

I  learn  from  M.  Nyst,  to  Pecfe* 
and  P. snbUtvigatn*,}*)!  "  with 
and  longitudinal 


Trockus  agglutinins, 
Nyst. 


M.  Nyst  is  now  of  opinion  that  this  shell 
from  Trockus  agglutinins,  Lamk.  It 
he  observes,  a  more  eonicsl  spire. 
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Names  of  species. 


Table  VII.  (continued). 

Observations. 


17.  Scalaria,  new  species. 


18.  Actaeon  (Tornatella) 
simulatus,  Sow. 


19.  Natica  glaucinoides, 

Sow. 

20.  Cancellaria  evulsa, 

Brander. 


21.  Fususelongatu8,Ny#f. 

22.  — multisulcatu8,Ny#l. 

F.  lineatus,  Sow.  ? 

23.  —  erraticus,  De  Kon. 

24.  — Deshayesii,!)^  ICon. 

25.  —  Koninckii,  Nyst. 

26.  —  Waelii,  Nyst. 

F.regulariSfDeKon. 

27.  —  Staquiezii,  Nyst. 

F.  scalaroides,  De 
Koninck. 

28.  Pleurotoma  Morrenii, 

DeKon: 

29.  —  crenata,  Nyst. 

P.  subdenticulata, 
Goldf. 

30.  —  Selysii,  De  Kon. 

31.  —  Koninckii,  Nyst. 

32.  —  Waterkevnii,  Nyst. 

33.  —  flexuosaf,  Goldf. 
P.  acuminata,  Nyst. 

34.  —  Bosquetii,  Nyst. 


,  35.  Murex  Pauwelsii,  De 

Koninck. 
36.  —  Deshayesii,  Nyst . 

VOL.  VIII. — PART  I. 


I  met  with  this  shell  at  Rupelmonde,  and  it 
will  be  figured  and  described  in  M.  Nyst's 
Supplement.  It  comes  very  near  to  a  Lon- 
don Clay  species  from  Potter's  Bar,  near 
London,  in  Mr.  Edwards's  collection.  It 
differs  from  Scalaria  costulata,  Nyst,  pi.  38, 
fijj.  6,  in  having  nearly  twice  as  many  ribs 
(eighteen  to  twenty)  in  each  whorl,  in  being 
larger,  and  having  the  whorls  more  symme- 
trically curved. 

Agrees  with  some  varieties  from  Barton.  It 
is  smoother,  and  has  the  furrows  less  broad, 
than  most  of  the  individuals  from  the  En- 
glish strata. 

Identical  with  a  Highgate  or  London  Clay 
fossil;  compared  by  Mr.  Morris  and  Ed- 
wards. 

The  difference  of  this  shell  from  that  of  Bar- 
ton is  too  slight  to  constitute  more  than  a 
variety.  It  agrees,  says  Mr.  Morris,  more 
closely  with  a  Bracklesnam  form. 

Comes  very  near  to  a  London  Clay  shell,  but 
different. 

Very  close  to  F.  lineatus,  a  Highgate  shell, 
but  the  canal  is  straighter. — J.  Morris. 


Allied  to  a  Highgate  shell,  but  different. 

M.  Nyst  remarks  that  this  species  is  different 

from  F.  regularis,  Sow.,  with  which  it  was 

formerly  supposed  to  agree. 
This  small  species,  says  M.  Nyst,  might  be 

confounded  with  F.  aciculatus,  Lamk.,  but 

is  different. 

Allied  to  an  undescribed  species  from  High- 
gate. 

Near  to,  if  not  a  variety  of,  an  unnamed  Bar- 
ton species. 

Identified  by  Messrs.  Morris  and  Edwards  with 

a  shell  from  Highgate. 
Very  near  to  a  London  Clay  shell  from  Potter's 

Bar,  in  Mr.  Edwards's  cabinet. 
Nearly  allied  to  a  Highgate  shell. 
M.  Beyrich  refers  this  species  to  P.flexuosa, 

Goldf.   It  is  not  P.  acuminata,  Sow. 
This  species  has  been  supposed  identical  with 

P.  rostrata,  Brander,  sp.,  but  M.  Nyst  is 

now  aware  that  it  differs  from  it. 


Near  to 
shell. 


M.  cristatus,  Sow.,  a  London  Clay 
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Table  VII.  (continued). 

Names  of  tpedes. 


37.  Typhis  cuniculosus,      Mr.  Morris  thinks  this  shell  is  probably  ft  i 

Nyst.  of  T.  mutiems,  Sow. 

T.  mtf/iciis,  Sow.? 

38.  Triton  argutum,  The  Barton  shell  is  a  slight  variety  of  t 

Brander.  shell,  but  a  variety  from  Highgatr 

T.flandricum,  De  Kon.      with  it. 

39.  Rostellaria  (Chaeno-      Ames  with  the  London  Clay  species, 
pus)  Sowerbyi,  Mant.      larger  in  average  size. 

Ck<enopusMaryerini9 
De  Kon. 

40.  Cassidaria  (Morio)  de- 

pressa,  V.  Buck. 

41.  —  calanthica,F.  Buck.   A  rare  species  which  I  was  unable  to  < 

42.  Voluta  semiplicata, 

Nyst. 

43.  Nautilus  ziczac,  Sow.    De  Koninck's  figure  agrees  well  with  the  Lobh 
Aturia  ziczac,  Bronn.       don  Clay  shell.   Only  one  individual  ever 

found. 

Several  species  of  Entomostraca  have  also  been  met  with  in  the 
Rupelmonde  clay,  and  described  by  M.  Bosquet*. 

I  obtained  at  Rupelmonde,  Boom,  and  ScheQe  many  Sharks* 
teeth,  some  belonging  apparently  to  Carckarodon  keterodon,  A*,  of 
very  large  size.  The  following  list  comprises  twelve  species  which 
I  have  in  my  collection. 

Fossil  Fish  from  Rupelmonde,  Boon,  and  Sckefle. 

1.  Carcharodon  hetero-     One  of  the  late  Mr.  Dixon's  i 

don  ?,  Ay.  Bracklesham,  now  in  the  British  Mu 

agrees  more  closely  than  fig.  1 1-16,  pL  28, 
of  Agasaiz's  4  Poiss.  Foes/ 

2.   angustidens,  Ay. 

3.  Ozyrhina  xiphodon,  Ay. 

4.  trigonodon,  Ay. 

5.   Desorii  ?,  Ay. 

6.  Otodus  obliquus,  Ay. 

7.  Lamna  elegans,  Ay. 

8.  cuspioata?,  Ay. 

9.  compress*?,  Ay. 

10.   Honei,  Ay. 

11.  Galeocer*  lo  minor,  Ay. 

12.  Notidanus  primige- 

nius,  Ay. 

Of  the  43  species  of  Molluscs  above  enumerated,  no  less  than  fifteen 
arc  supposed  to  be  species  found  in  English  Eocene  strata,  vis. 
Nos.  ti  2?,  4,  6,  71,  18,  19,  20,  22  T,  29  ?,  30,  37,  38,  39,  43.  It 
will  W  seen  that  four  of  these  are  given  doubtfully,  but,  on  the  other 
1  it  is  remarkable  that  several  others,  which  are  stated  to  be 

*  Mem.  Couronn.  de  l'Acad.  Roy.  de  Belgkrae,  toss.  xxlv. 
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nearly  allied  to  undescribed  London  Clay  species,  come  so  near  to 
them,  that  by  some  conchologists  they  might  be  thought  identical. 
The  affinity  on  the  whole  is  more  with  the  Barton  Clay  than  with 
older  members  of  the  Eocene  series.  The  general  aspect  of  this 
fauna  is  so  decidedly  Eocene,  that  I  am  not  surprised  that  M.  Ar- 
chiac,  having  no  means  near  Antwerp  of  determining  the  relative 
position  of  the  Rupelmonde  clay,  and  knowing  that  MM.  de  Koninck 
and  Nyst  had  identified  one-fourth  of  the  shells  with  English  Eocene 
species,  persisted  even  in  1848  in  believing  that  it  was  part  of  the 
London  Clay  proper,  which  it  resembles  in  mineral  character,  in  the 
colour  of  its  clay,  its  contained  septaria,  and  its  nodules  of  pyrites*. 

The  remains  of  fossil  fish  from  Rupelmonde,  as  will  be  seen  by  the 
list,  consist  partly  of  London  Clay  and  Calcaire  grossier  species,  such 
as  Otodus  obliquus,  Lamna  elegant,  and  L.  compressa,  and  partly  of 
species  cited  by  Agassiz  as  from  the  "  molasse  "  of  Switzerland. 

Of  the  28  species  of  shells  which  I  myself  obtained  at  Rupelmonde 
and  the  vicinity,  the  most  abundant  by  far  was  Nucula  Deshayesiana, 
and  after  it  Fusus  multimdcatus.  The  occurrence  of  seven  species  of 
Pleurotoma,  some  of  them  very  common,  is  also  a  striking  character, 
from  which,  and  from  a  consideration  of  the  whole  of  the  data  com- 
prised in  the  foregoing  list,  my  friend  Professor  E.  Forbes  infers  that 
the  clay  of  Rupelmonde  was  deposited  in  a  sea  at  about  the  junction 
of  his  perilittoral  and  median  zones  of  depth,  or  between  15  and  25 
fathoms,  probably  nearer  to  15  than  to  25  f. 

It  will  be  necessary  to  defer  the  consideration  of  the  true  age  of 
the  Rupelmonde  Clay,  until  I  have  described  the  tertiary  strata  of 
the  province  of  Limburg. 


2.  Tertiary  Strata  in  the  neighbourhood  ofKleyn  Spawen,  near 
Maastricht.    Limburg  Tertiaries. 

I  have  already  alluded  to  the  services  rendered  by  MM.  de  Ko- 
ninck and  Nyst  to  the  palaeontology  of  Belgium  by  their  description 
of  the  Rupelmonde  fossils.  The  greater  part  of  the  Kleyn  Spawen 
Mollusca  nave  also  been  figured  and  described  by  M.  Nyst,  while  M. 
Bosquet  has  recently  given  us  an  able  account  of  the  Entomostracous 
Crustaceans  of  the  same  district.    The  last-mentioned  naturalist  has 

*  Archiac,  Hist,  des  Progr.  torn.  ii.  p.  498. 

t  As  Professor  Forbes  has  recently  modified  his  nomenclature  of  the  zones  of 
depth,  in  order  to  render  his  terms  more  applicable  to  the  seas  of  all  climates  and 
all  parts  of  the  globe,  I  give  the  subjoined  explanation  of  his  new  names  as  used 
in  this  memoir . — 

Marine  Zone*  qf  Depth,  according  to  Prof.  R  Forbu,  1852. 
NameM.  Depths. 

Littoral  zone   Between  tide-marks. 

PeriUtto«l«me  {te".^**}    0  to  15  fathom.. 

I*  j.     ,    ~    ...   v  f  Upper  Median   15  to  30  „ 

Median  (or  Coralline)  zone  {J£;Mediail   30  to  50  „ 

Infra-median  zone    15  to  100  „ 

Abysaalzoue    100 to  „ 

X  2 
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also  laboured  successfully  in  distinguishing  the  foasOs  of  the  several 
strata,  observing  which  are  peculiar  to  each,  and  which  of  them  com- 
mon to  different  members  of  the  series,  so  that  after  I  had  risked  the 
principal  localities  in  his  company,  I  was  able  to  make  myself  master 
of  a  great  body  of  information  which  it  would  hare  required  yean  of 
unassisted  labour  to  acquire.  In  tracing  the  subdivisions  of  the 
strata  from  one  locality  to  another,  and  in  identifying  them  in  difTuea* 
places  by  aid  of  mineral  character,  we  had  the  advantage  of  baring 
been  preceded  by  M.  Dumont,  whose  patient  and  conaoeuUum 
labours  in  constructing  the  map  of  Belgium  cannot  be  too  highly 
estimated.  The  task  of  unravelling  the  geological  relations  and  geo- 
graphical limits  of  the  several  groups  in  such  a  region  is  attended 
with  no  ordinary  difficulties,  in  consequence  of  the  frequent  dearth  of 
organic  remains,  and  on  account  of  a  deep  and  almost  continaoas 
covering  of  loess.  The  resemblance  to  the  older  strata,  moreover, 
of  some  deposits  of  loess,  formed  at  the  expense  of  denuded  tertiary 
beds  and  containing  the  same  fossils,  adds  greatly  to  the  confusion. 

After  visiting  Bergh,  Vieux  Jonc,  Hoesselt,  and  Lethen  near  Rleym 
Spawen  (see  Map,  PI.  XVII.  fig.  4),  and  the  villages  of  Neerepea 
and  Grimittingen,  places  familiar  to  the  student  of  Nyst's  work  on 
the  fossil  shells  of  Belgium,  and  after  considering  the  data  liberally 
supplied  to  me  by  M.  Bosquet,  I  thought  it  most  useful,  at  least  as 
a  provisional  classification,  to  divide  the  Limburg  tertiaries  into 
Upper,  Middle,  and  Lower  (D  1,  D  2,  and  D3,  Table  I.  p.  279),  the 
first  and  last  being  marine,  and  the  middle  a  fluviomarine  deposit. 


Table  VIII. 


Limburg  Beds  near  Kleyn  Spawen. 


Upper  (marine)  ... 

Middle  (fluyio- 
marine)   


3  feet. 


Lower  (marine).. 


'  Nucula-loam  ("  couche  argUo-aableote  a  No- 1 

cules,"  Bosquet)  j 

tu  Bergh  aandi    14  „ 

-  b.  Yellowuh  sandi   6  m 

m  e.  Green  marls    36  „ 

j  Glauconiferous  sandy  clay,  or  Ottrtm  pea/ate- 


bed 


The  uppermost  bed  of  the  above  Table,  called  "  the  Nucula  1 
at  Bergh  is  a  mixture  of  sand  and  clay,  in  which  the  twenty-one  species 
of  Molluscs  and  eleven  species  of  Entomostraca,  enumerated  in  the 
second  column  of  asterisks  in  Table  IX.  p.  312,  occur.  The  Xmrw/m 
LyeUiana,  Bosq.,  is  the  most  common  shell  of  this  bed,  though  diffi- 
cult to  obtain  entire,  owing  to  its  fragile  condition.  All  the  other 
shells  are  rare  except  the  Corbulomya  comptanata,  which  is  the  only 
i  mi.  of  the  whole  not  decidedly  marine.  Next  to  Nundm  LftMmmm 
the  Cytheridea  Mulleri,  Bosq.,  is  the  commonest  fossil.  In  regard 
to  the  probable  depth  of  the  sea,  Prof.  £.  Forbes  supposes  it  to  indi- 
cate the  lower  part  of  his  perilittoral  sone. 

Of  the  twenty-one  species  of  Mollusca  the  following  twelve  species 
■>  nmon  to  this  bed  and  to  the  clay  of  Rupelmonde,  Boom,  &c. 
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near  Antwerp,  already  described,  which  (allowing  for  the  small  num- 
ber of  species  in  each)  affords  decisive  palseontological  evidence  of 
their  contemporaneous  origin : — 


Axinui  NyatiL 
Vcnui  incrassata. 
Natica  glaudnoides. 
Fusus  elongates. 
Plenrototna  crenata. 

 flexuota. 

Murex  Deshayesii. 


Typhis  cuniculosns. 
Triton  argutum. 

Triionium  flandrieum. 
Rostellaria  (Cbaenopua)  Margerini. 
Cassidaria  depress*. 
Voluta  semipbcata. 


Of  the  eleven  species  of  Entomostraca  above  referred  to,  several 
are  common  to  Rupelmonde,  Boom,  &c. 

Next  in  the  descending  series  we  enter  on  the  Middle  Limburg 
beds,  or  the  Bergh  sands,  a,  Table  VIII.  By  reference  to  the  accom- 
panying section,  fig.  2,  it  will  be  seen  that  the  first  fossiliferous  bed,  b, 

Fig.  2.— Section  of  the  Bergh  Sands  («,  Table  VIII.)  at  Bergh,  near 
Kleyn  Spawen. 


Not 


»  ft  in. 

Nucula-loam  "   S  0 

a.  White  sand  without  sheila    2  0 

b.  Pectunculus-bed    1  0 

c.  White  sands  without  shells   4  0 

d.  Shelly  sand  with  Ceritkia    0  6 

e.  Sand  without  shells   1  0 

/.  Shelly  sa&d  with  Ceritkia   I  0 

g.  White  sand  with  few  shells  (Cyprtna  Nytii). 


of  this  division  is  called  the  Pectunculus-bed,  from  the  extraordi- 
nary abundance  in  it  of  Pectunculus  fossilis,  Kon.  (P.  terebratularis, 
Lamk.).    The  following  are  the  shells  which  have  been  met  with : — 


Fossils  of  the  "  Pectunculus-bed 9 

Corbula  Henckeliusiana. 
Aatarte  Henckeliuaiana  (2). 

 trigonella. 

Lucina  tenuistria. 
Cyprina  islandica  ? 

 Nystii. 

Venus  laevigata  (1). 

 incrassata. 

Cardita  Omaliana. 
Fectunculus  fossilis  (6). 

 pulvinatus  (2). 

Limopsis  Goldfussii  (1). 


at  Bergh,  near  Kleyn  Spawen. 

Pecten  Hoeningbauaii  (2). 

 Deshayesii. 

Dentalium  acutum  (1). 
Infundibulum  striatellum. 
Trochus  Kickxii. 
Natica  bantonienais. 
Voluta  RathierL 


Myliobates. 
Lamna  contortidens. 
 cuspidata. 
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The  seven  species  to  which  numbers  are  appended  are  the 
common,  and  the  numbers  indicate  the  relative  abundance  of  m 
duals  according  to  M.  Bosquet's  observations.  From  the  above  data 
Professor  Forbes  infers  that  this  Pectunculus-bed  was  probably 
formed  at  the  junction  of  his  perilittoral  and  median  zones,  or  at  tki 
depth  of  from  15  to  20  fathoms.  There  is  an  absence  here  of  CenK 
Muz  and  other  brackish  and  freshwater  species. 

The  next  fossiliferous  bed  (</,  section,  fig.  2),  separated  from  the 
former  by  4  feet  of  white  sand  without  shells,  is  only  6  inches  tkicfc. 
It  consists  of  a  shelly  sand  with  Cerithia,  below  which  is  another  bed 
of  sand  without  shells,  and  then  a  second  layer  of  shelly  aand  wkh 
Cerithia  (/,  fig.  2).  The  shells  in  the  two  beds  (d  and  /)  an 
almost  identical,  but  their  proportional  numbers  differ  slightly. 

Fossils  in  Beds  dandf,  White  Shelly  Sands  with  CcrithU,  mi 
Bergh. — M.  Bosquet. 


Corbula  piram   

Corbulomya  triangula.... 

 complanata   

Astarte  Henckeliusiana . 

Cyrena  semistriata  

Lucina  striatula  

 Thierensii   

Venus  incrassatoides  .... 

 Kickxii   

Cardita  Omaliana  

Cardium  tenuisulcatum  . 
Liroopsis  Goldfussti  .... 
Pectunculus  fossilis  .... 


"d" 

1 

3 

1 

1 

1 

2 

3 

2 

1 

1 

2 

1 

1 

1 

3 

.  1 

1 

Pectanculus  pnlvinatas  J\  1 

Pecten  Hoeninghauii    1 

Paludestrin*  DrmparaaodiL..  2 

Rissoa  ?  Chastelii    2 

 plicata    1 

Rissoioa  Nyitii    2 

Cerithium  subcocteUatnm  ...  3 

 elegans    1 

Pleurotoma  belgicsu   I 

Buccimim  Gossardii    1 

Voluta  fUthleri   t  1 

Cytheridea  Mullen  :  1 


i 
i 


The  numbers  appended  denote  the  relative  abundance  of  the  i 
species,  Cerithium  subcosteUatum  (C.  plicatum,  Lamk.)  being  the 
most  common.  It  will  be  observed  that  the  freshwater  and  brackiaii 
water  species  are  represented  by  a  larger  number  of  individuals 
or  in  tne  lower  bed.  Prof.  E.  Forbes  infers  that  these  strata  were 
formed  in  the  upper  part  of  his  perilittoral  zone,  or  in  depths  varying 
from  low  tide-mark  to  6  or  7  fathoms. 

In  the  Bergh  sands  the  following  six  species  are  often  much  roOed ; 
Cyrena  semistriata,  Desh.,  Venus  incrassatoides,  Nyst,  Pyramiding 
cancellata,  Nyst,  Rissoa  plicata,  Desh.,  Cerithium  elegetns,  Desh., 
and  Cerithium  subcosteUatum,  Schloth.  But  M.  Bosquet  remarks 
that  some  individuals  even  of  these  species  are  so  perfect  as  to  appear 
to  have  lived  on  ihe  spot,  and  that  there  is  no  ground  for  inferring 
that  such  species  were  washed  out  of  older  beds,  or  that  thev  did  not 
inhabit  rivers  or  estuaries  conimunicating  with  the  sea  in  wnich  the 
white  sands  of  Bergh  were  formed. 

Beneath  "/"  of  section,  fig.  2,  are  white  sands  several  feet  thick, 
without  fossils,  except  that  a  few  specimens  of  Cyprinm  Nystii  have 
been  met  with ;  and  there  is  then  a  break  in  the  section  at  Bergh  at 
the  place  of  the  yellow  sands  (A,  Table  VIII.  p.  304)  which  occur  at 
Kleyn  Spawen  and  Vieux  Jone,  interposed  between  the  white  sands 
of  Bergh  (a,  Table  VIII.)  and  the  green  marls  (r)  of  the  same  table. 
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Fossils  ofb,  Table  VIII.,  or  Yellowish  Sands  of  Kleyn  Spawen,  in 
the  collection  o/M.  Bosquet. 


Panopaea  Hebertiana,  Bosg. 
Corbulomya  complanata,  Nytt. 

 triangula,  Nytt. 

Corbula  pisum,  Sow. 
Erycina  neglecta,  Nytt. 
Psammobia  rudis,  Lamk. 
Tellina  Hebertiana,  Bosg. 
Lucina  Thierenaii,  Htb. 
—  tenuistria,  H4b. 

 striatal*,  Nytt. 

Cyrena  semistriata,  Deth. 
Venus  Kickxii,  Nytt. 

 incrassatoides,  Nytt. 

Limopsis  Goldfussii,  Botq. 
Pectunculus  terebratularis,  Lamk. 
Mytilus  fragilis,  Nytt. 

 Faojasii,  AU  Brong. 

Trocbus  striatellus,  Botq. 
Paludestrina  Draparaaudii,  Botq.  (1) 


Paludestrina  pupa,  Botq. 
Rissoina  Nystii,  Botq.  (1) 
Rissoa  ?  Chastelii,  Botq.  (1) 

 plicata,  Deth.  (1) 

Torbonilla  lsvissima,  Botq. 
Pyramidella  canceUata,  Nytt. 
Nerita  concara,  Sow. 
Natica  glaucinoides  ?,  Sow. 
Pleurotoma  costellaria,  Duchatt. 
Cerithium  elegans,  Deth.  (3) 

 subcottellatum,  Schlt.  (6) 

C.  pHcatum,  Lamk. 

 iiicrassatum,  Merian. 

 lima,  Deth. 

Buccinum  Gossardii,  Nytt. 

 suturosum,  Nytt. 

Cytberidea  Mullen,  Botq.  (1) 

 Willi amsoniana,  Botq. 

Cythere  Jurinei,  Minuter. 


It  will  be  seen  that  the  only  abundant  shells  in  b,  Table  VIII.,  are 
fresh  or  brackish  water  species,  and  that  Cerithium  subcosteUatum  is 
the  most  frequent.  According  to  Professor  Forbes,  this  bed  was 
formed  in  a  shallow  part  of  the  perilittoral  zone. 

Next  in  the  descending  order  are  the  green  marls  and  clays,  c,  Table 
VIII.,  the  Upper  Tongrian  of  Dumont,  which  occur  below  the  yel- 
lowish sands  (b  of  the  same  Table).  Their  thickness  at  Lethen, 
Vieux  Jonc,  H&ris,  and  other  localities  which  I  visited  is  considerable 
(not  less  than  36  feet  at  Lethen),  and  they  appear  to  indicate  many 
oscillations  of  the  water  from  a  fresh  to  a  brackish  state.  Sometimes, 
for  example,  a  thin  bed  occurs  almost  exclusively  characterized  by 
Venus  incrassatoides  and  Lucina  Thicrensii,  then  a  layer  with  Cyrena 
semistriata,  then  another  with  Cerithia.  I  found  occasionally  at 
Lethen  a  well-rounded  flint-pebble  in  the  midst  of  these  green  clays 
and  marls. 

In  the  following  list  of  seventeen  species  belonging  to  this  subdi- 
vision, the  relative  abundance  of  the  fourteen  commonest  species  is 
expressed  by  numbers  supplied  by  M.  Bosauet.  Prof.  Forbes  infers 
from  them  and  the  fossils  generally  that  these  clays  were  deposited 
in  his  perilittoral  zone,  in  the  neighbourhood  of  the  influx  of  fresh 
water. 

Fossils  of  the  Green  Marls,  c,  Table  VIII.  (part  of  the  Middle  or 
Fluvio-marine  Limburg  Beds). 


Corbula  pisum    2 

 complanata   1 

Corbulomya  triangula    2 

Cyrena  semiitriata    4 

Lucina  Tbierensii   2 

Tellina  Hebertiana    1 

Venus  incrassatoides   5 

Trocbus  striatellus   

Paludestrina  Draparnaudii    2 


Rissoa  plicata   

 ?  Cbastelii    1 

Rissoina  Nystii   2 

Pyramidella  cancellata  

Natica  glaucinoides    1 

Cerithium  subcosteUatum    5 

 elegans   3 

Cytberidea  Mulleri    6 
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We  now  come  to  the  Lower  Limburg  or  Lower  Tongrian  bed*, 
consisting  of  clayey  greensand  20  feet  thick,  to  which  the  108  fhsrils 
enumerated  in  the  "Lower"  column  of  Table  IX.  p.  312,  belong,  and 
in  which  Oatrea  ventilabrum  is  everywhere  a  common  and  conafjirm- 
ous  fossil.  The  uppermost  beds  of  this  deposit,  which  I  saw  a* 
Lethen  and  at  Grimittingen,  where  they  are  close  to  the  green  maris 
(c  of  Table  VIII.  above  mentioned),  are  characterised,  observes 
M.  Bosquet,  by  the  abundance  of  Turritella  crenulata. 


Upper  portion  of  Lower  Limburg,Tsb\eV  III.  p.  304  (Lower  Tomgrimn) . 
Most  abundant  species  of  Fossil  Shells  according  to  M.  Bosfmet* 

Relative 
abundance. 

Corbula  pisum,  Sow   1 

Lucina  gracilis,  Nyt t    1 

Pectunculus  lunulatus,  Nytt ...  1 
Area  sulcicosta,  Nytt    2 

The  lower  beds  of  the  same  are  seen  at  Hoesselt  near  Kleyn 
Spawen  and  at  Grimittingen. 


Ostrea  venUlabniia,  Goty.  ...  S 

 cochlear,  PoH    3 

Dentalium  acutum,  H&.    1 

Turritella  crenulata,  AVtf    3 


Janira  (Pecten)  incurrata,  i 
Oatrea  Tentilahrum,  Gpitf. 

 cariosa,  DedL  

 cochlear,  PoH  

Dentalium  acutum,  Heheri 
Voluta  sutaralis,  Nyt   


Most  abundant  species  of  Fossil  Shells  in  the  lower  portion  of  the 
fossiliferous  Lower  Limburg  beds. 

Relative 
abundance. 

Corbula  pisum,  Sow   1 

CraasateUa  intermedia,  Nytt ...  1 
Isocardia  transversa,  Nytt    ...  2 

Cardita  latisulca,  Nytt    1 

Area  sulcicosta,  Nytt   1 

Mytilus  Nystii,  Kicks    3 

Pecten  reconditus,  Brander  ...  2 

Professor  Forbes  refers  these  lower  beds,  which  are  purely  marine, 
to  the  upper  part  of  his  median  (or  coralline)  zone.  He  supposes 
that  the  inferior  beds  indicate  a  muddy  bottom,  which  was  at  a 
somewhat  greater  depth  in  the  same  zone  than  that  in  which  the 
superior  ones  were  formed. 

It  will  be  seen  by  consulting  Table  IX.  p.  312,  that  the  Lower 
Limburg  beds  out  of  106  species  of  molluscs  have  no  less  than  68 
peculiar  to  themselves,  only  38  species  passing  upwards  into  the 
Middle  and  Upper  Limburg  divisions.  All  these  106  species  are 
purely  marine,  except  Corbulomya  complanata,  found  at  Lethen  in  * 
the  upper  part  of  the  bed. 

The  distinctness  of  so  many  of  these  Lower  Limbure  fossils  frcsn 
the  species  occurring  in  the  beds  immediately  above,  arises  no  doob  t 
in  a  great  degree  from  a  difference  in  stations,  or  in  the  fauna  of  Use 
tbe  median  as  compared  to  that  of  the  perUittoral  zone.  But  the 
changes  in  time  may  also  have  been  great  during  those  ages  when  the 
sea  and  a  river  were  contending  for  the  occupation  of  the  area  in 
which  the  middle  Limburg  strata  were  thrown  down. 
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3.  Micaceous  Sands  of HSnis,  Geuletn,  Klimmen,  fo. 

On  the  right  hank  "of  the  Meuse  opposite  Maastricht,  the  most 
eastern  locality  where  I  saw  the  Limburg  tertiaries,  they  consist  of 
whitish  and  yellowish  micaceous  sands  without  fossils.  I  observed 
them  at  Geulem,  about  five  miles  N.N.E.  of  Maestricht.  The 
uppermost  part  of  the  section  in  that  place  exhibits  loess  and  gravel, 
25  feet  thick,  below  which  is  20  feet  of  white  and  greyish  sand, 
followed  by  yellowish  sand  with  mica,  10  feet  thick,  and  lastly 
Maestricht  chalk.  I  learn  from  M.  Bosquet,  that  at  Klimmen,  on  the 
same  side  of  the  Meuse,  near  Fauquemont,  are  white  sands  in  a  simi- 
lar position,  about  30  feet  thick,  in  which  he  found  Venus  incrassata 
and  some  other  fossils  ill-preserved,  but  none  which  showed  distinctly 
whether  these  sands  are  referable  to  the  Lower  or  Middle  Limburg 
series. 

I  observed  similar  beds  at  Henis,  immediately  below  the  green 
marls  of  the  middle  division  (c,  Table  VIII.  p.  304).  The  sands  also 
at  Predikheerenberg,  near  Louvain,  mentioned  by  M.  Dumont  as 
underlying  the  Rupelmonde  clay  of  that  locality,  may  belong  to  the 
same  division,  but,  in  the  absence  of  strata  containing  Ostrea  venti- 
labrum  and  other  characteristic  lower  Limburg  shells,  it  seemed  to 
me  impossible  to  settle  the  true  age  of  such  sands. 

4.  Relation  of  the  Rupelmonde  and  Boom  Clay  to  the  Upper 
Limburg  Beds. 

An  important  notice  was  read  to  the  Royal  Academy  of  Brussels 
by  M.  Dumont,  in  1851,  "  On  the  geological  position  of  the  Rupelian 
clay*,"  in  which  he  announced  the  discovery  at  Predikheerenberg 
and  Lubbeck,  near  Louvain,  of  clay  with  septana,  precisely  resembling 
in  mineral  character  that  of  Rupelmonde  and  Boom,  and  containing 
several  characteristic  species  of  fossil  shells,  as  Leda  Deshayesiana, 
Nucula  Chastelii,  and  Astarte  Kickxii.  This  schistose  clay  reposes 
on  sand,  in  which  casts  and  impressions  of  fossils  referred  to  Pecten 
Hoeninghausii,  Pectunculusfossilis,  Ron.  (P.  terebratularis,  Lamk.), 
and  Cyprina  Nystii,  all  of  them  middle  Limburg  shells,  have  been  met 
with. 

I  visited  the  localities  myself,  in  company  with  M.  de  Koninck,  and 
have  no  doubt  that  the  dark  schistose  clay  at  Lubbeck  and  some 
neighbouring  places  corresponds  to  that  of  Rupelmonde.  It  is 
covered  by  the  Diest  sands,  and  rests  on  other  sands  which  belong 
to  some  part  of  the  Limburg  beds  below  the  "  Nucula-loam  "  (Table 
VIII.  p.  304)  ;  the  state  of  decomposition,  however,  of  the  organic 
remains  found  in  them  makes  it  somewhat  rash  at  present  to  assign 
to  the  sandy  beds  an  exact  position  in  the  series. 

The  middle  Eocene  strata,  or  Brussels  beds,  are  seen  near  the  base 
of  the  hill  of  Predikheerenberg,  not  far  from  the  village  of  Pare,  and 
in  the  suburbs  of  the  town  of  Louvain,  near  the  Tirlemont  gate. 

*  Acad.  Roy.  de  Belgique,  torn,  xviii.  no.  8.  des  Bulletins,  lue  le  2  Aout  1851. 
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A. 

Rupelmonde. 

Thickness. 
Feet. 

1.  Yellow  crag    15 

2.  Rupelmonde  clay,  with 

LedaDethayetiana,  &c.  90 

3.  White  sands  (Middle!  ,  e 

Liraburg  sands  ?)  v  «  | 
pierced  by  boring...  J  Jg 


B. 

LouTain, 

Thickaew. 
Feet. 

1.  Diest  sands   4  to  20 

2.  Clay  with  Leda  Dt»- 

hayetiana,  &c.  ...  2  to  10 

3.  Sands  with  Middle 

Limburg  fossils  ...  40 

4.  Brussels  beds,  or  "I  Un- 

Middle  Eocene.  J  known. 


C 

Bergh  and  KJeya  Sstm. 
I  jmhuffg. 


1.  Loets    13 

2.  Nocula-ioam  with 

many  BsydsMaii 
fossils   I 

3.  Sands  and  grata  sajsji 

(Middle  UmbwgL  34 

4.  Lower  foan&fcrvai 

Lunborg  hast  wtth 
OUrm  tWiliii  mm  W 


On  comparing  the  accompanying  three  sections,  A.,  B.,  and  C-,  the 
nature  of  the  evidence  in  favour  of  considering  the  Rupelmonde  day  to 
be  the  equivalent  of  the  Upper  Limburg  or  "  Nucnla-loam  "  of  Bergh, 
near  Kleyn  Spawen,  may  be  readily  appreciated.  It  will  be  necessary 
for  the  reader  to  bear  m  mind  that  the  Louvain  section,  B.,  is  geo- 
graphically intermediate  between  A.  and  C. ;  Louvain  being  only 
twenty  miles  south-east  of  Rupelmonde,  and  forty  miles  west  of  Kleyn 
Spawen.  The  identity  of  the  clays  No.  2  in  A.  and  B.  is  shown 
both  by  the  similarity  of  their  mineral  character  and  contained  sep- 
taria,  and  by  the  presence  of  Leda  Deshayesiana  in  abundance.  The 
intimate  relation  of  the  bed  No.  2  in  A.  and  C.  is  shown  by  the  large 
number  of  fossil  species  common  to  both,  as  before  stated,  p.  304. 


5.  On  the  Loess  near  Kleyn  Spawen,  and  on  the  Denudation  of  the 
Limburg  Tertiary  strata. 

Before  presenting  the  reader  with  a  general  Table  of  the  Limburg 
fossils,  ana  with  such  observations  as  they  suggest,  I  must  say  a  few 
words  on  the  manner  in  which  the  Loess  and  associated  alluviums 
occur  near  Kleyn  Spawen,  sometimes  putting  on  the  appearance  of 
regular  tertiary  strata. 

Fig.  3. — Section  at  Lethen  near  BiUen,  Limburg. 


Moulin  de  L«*W»- 
Bra  1 


II*  Z 


\   U.wm  of  the  ordinary  character. 
II  %  Middle  Limburg  seriea.   Upper  part,  green  marl ;  the  lover,  X,  grey  mad,  and  gienm 

lay  and  aand,  nnfoanliferooa. 
T»  a.  t,n«er  Limburg  beds.   Sand  with  OUrem  ventilmbntm. 

;:?^:&^\}"*»  •»»'-• 

Var  Lethen,  for  example,  the  annexed  section  is  seen  on  the  slope 
mi'  thi?  ground  towards  the  valley  of  the  Darner.    When  I  first  ex- 
1 1  with  M.  Bosquet,  the  beds,  a,  a',  consisting  of  greenish  day 
mi  and  containing  Corbuta  pisum,  Ceritkium  suicorieUmfmrn* 
Vijretui  semistriata,  and  many  other  Middle  Limburg  fossils,  I  sup- 
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posed  them  to  he  a  part  of  the  regular  series,  or  Lower  Limburg  beds, 
but  M.  Bosquet  made  excavations  after  we  parted,  which  proved  the 
order  of  superposition  to  be  as  in  the  above  section.  He  also  found, 
on  washing  the  alluvial  clay  or  loam,  a,  a',  that  it  included  many 
Foraminifera  of  the  Maastricht  chalk,  such  as  Rosalina  depressa, 
D'Orb.,  Siderolina  caleitrapoides,  Lamk.,  &c. ;  alsoBryozoa,  from  the 
same,  of  the  genera  Vincularia,  Idmonea,  Pustulopora,  and  others, 
besides  several  Entomostraca,  in  all  twelve  cretaceous  fossils.  These 
must  have  been  brought  down  from  the  region  between  Tongres, 
Liege,  and  Maastricht,  or  from  the  upper  sources  of  the  Darner,  where 
the  Maastricht  chalk  exists,  and  the  fossils  were  mixed  up  with  those 
of  the  denuded  tertiary  strata.  The  waters  of  the  Darner  must  have 
risen  40  or  50  feet  above  their  present  level  to  have  deposited  the 
more  elevated  part  of  these  modern  alluviums. 

At  Hoesselt  a  remarkable  bed  of  pebbles,  1£  foot  thick,  occurs  in 
an  analogous  position,  composed  of  well-rolled  flint-pebbles,  with  an 
abundance  of  large  oysters  (Ostrea  ventUabrum)  and  other  fossils. 
This  gravel  rests  on  the  Lower  Limburg  sands ;  it  is  nearly  horizontal, 
and  does  not  follow  the  slope  of  the  ancient  valley,  scooped  out  of  the 
tertiary  strata,  which  it  has  partially  filled  up.  The  shells  which  M. 
Bosquet  has  found  in  it  belong  to  no  less  than  49  species,  by  far  the 
greater  part  of  them  Middle  or  Upper  Limburg  species,  and  usually 
much  rolled;  whereas  the  Lower  Limburg  shells,  especially  the 
smaller  species,  have  suffered  very  little.  Some  of  the  flint-pebbles 
in  this  gravel  are  4  or  5  inches  in  diameter.  At  first  sight  the  mix- 
ture of  freshwater  and  brackish  water  shells  with  rolled  marine  species, 
reminded  me  of  parts  of  the  Woolwich  pebble-beds  belonging  to  the 
lower  Eocene,  near  London. 

At  Grimittingen  also,  and  at  Neerepen,  I  met  with  pebble-beds 
overlying  the  Lower  Limburg  tertiaries,  which  M.  Dumont  refers  to 
the  ace  of  the  Loess.  They  contain  Cyrena,  Pectunculus,  and  various 
Middle  limburg  shells,  and  some  of  them  are  with  difficulty  distin- 
guishable from  part  of  the  regular  series,  which  also,  even  where  it  is 
undisturbed,  as  at  Lethen,  includes  rolled  flint-pebbles,  and,  as  in  the 
case  of  the  sands  of  Bergh,  before  alluded  to  (p.  306),  rolled  fossils. 

At  Neerepen,  the  task  of  drawing  the  line  between  the  incumbent 
loess  and  the  fluvio-marine  tertiary  beds  is  still  more  difficult.  The 
two  deposits  are  laid  open  to  view  in  a  deep  lane.  The  loess  in  its 
upper  part  consists  of  a  fine  yellowish  grey  loam,  as  in  the  valley  of 
the  Rhine ;  and  this  was  the  only  spot  m  Belgium  where  I  found  it 
to  contain  Succinea  oblonga,  which  so  generally  characterizes  it  in 
the  Rhine  valley,  and  Helix  plebeia  ?  or  hispida  ?.  Still  lower  the 
same  species  of  land-shells  are  again  seen,  in  a  bed  in  which  entire 
Cerithia  and  other  tertiary  shells  abound,  so  intimately  blended,  that 
no  geologist  visiting  the  district  for  the  first  time  would  suspect  them 
to  be  of  different  ages.  M.  Bosquet  found  here  an  Elephant's  tusk, 
2  feet  long,  extending  from  the  loess  into  the  stratum  full  of  Cerithia 
and  tertiary  shells.  At  a  lower  level  is  a  pebble-bed,  from  3  to  4  feet 
thick,  containing  Corbula  pisum,  Pectunculus  pilosus,  CorbuUmya 
triangula,  Cyrena  semistriata,  and  several  species  of  Cerithia.  This 
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stratum  had  all  the  appearance  of  an  undisturbed  tertiary  bed,  bat  m 
probably,  like  that  of  Hoesselt,  of  later  origin. 

6.  Synoptical  Tables  of  the  Hamburg  fossil*. 

The  following  synoptical  Table  of  the  organic  remains  of  the  Lbo- 
burg  tertiary  strata  has  been  communicated  to  me  by  M.  Bosquet, 
and  I  have  inserted  a  column  for  the  Rupelmonde  species,  given  more 
in  detail  in  Table  VII.  A  large  portion  of  the  Mollusca  have  been 
compared  by  me  in  London  with  British  fossils,  with  the  assistance  of 
MM  Morris,  Edwards,  £.  Forbes,  and  other  eminent  palaeontologist. 

Table  IX. 

Fossils  of  the  Rupelmonde  and  Kleyn  Spawen  Beds,  or  of  the 
Upper,  Middle,  and  Lower  Limburg  Beds : — M.  Bosquet. 

The  first  column  of  asterisks  refers  to  the  fossils  of  the  day  of  Bsycl 
monde,  Boom,  &c.  near  Antwerp.  The  second,  to  the  fossils  of  the 
-  Nucula-loam,"  Table  VIII.  The  third,  to  the  fossils  of  «,  A,  r. 
Table  VIII.,  or  the  white  and  yellow  sands  and  preen  maris  of  Bergfc, 
Kleyn  Spawen,  Lethen,  &c.,  constituting  the  Middle  or  Fmvio-iname 
Limburg  series.  And  the  fourth  column,  to  the  fossils  of  the  Lower 
Limburg,  or  "  Ostrea  ventilabrum  beds." 


Upper. 


cUy. 


Bo**,  MM 
Nuc«U 


Coral  li  a. 

1.  Turbinolia  sulcata,  Lam  , 

2.  Dendrophyllia  arnica,  MU*e-Edw.  Sf  Hi 

Mollusca. 

1 .  Clavagella  tibialis  ?,  Lamk  

2.  Pholas  cyiindrica  ?,  Sow  

3.  Solen  ensis,  var.  b,  minor,  Lamk.  , 

4.  Leguminaria  papyracea,  d'Orbigny  {Desk.) 

5.  Solecurtus  compremus,  Nyst   

Sangumolaria  compressa,  Sow. 

6.   appendiculatus,  Nyst  (Lamk,)... 

7.  Panopsea  Hebertiana,  Bosq  

P.  intermedia,  Nyst,  non  Desh. 

8.  Mya  angustata?,  Sow  

9.  Lutraria  oblata  ?,  Sow  , 

Tkracia  oblata,  Morris. 

10.  Corbulomya  complanata,  Ny$t  (Sow.) 

11.   tiiangula,  Nyst  (Duchast.)  

12.  Corbula  Ilenckeliusiana,  Nyst   

13.  —  pisum,  Sowerby   
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Limburg  Series. 


Upper. 


Rupel 
moode 
clay. 


Bergh, 
Nuculm 
loam. 


Lower. 


14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

31. 

32. 

33. 
34. 

35. 


36. 
37. 

38. 
39. 
40. 

41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 


Corbula  striata,  Lamarck  

 fYagilis,  Nyst  

Crassatella  intermedia,  Nyst  

Astarte  Henckeliusiana,  Nyst   

 Omalii,  Lajonk.,  var.  D.,  Bosquet 

 trigonella,  Nyst  ..I  

 Bosquetii,  Nyst  

 Kickxii,  Nyst,  var.  B.,  Bosquet  ... 

 plicatella,  nosq  , 

Erycina  neglecta,  Nyst  

 striatula,  Nyst   

Ligula  fragilis,  Bosq  

 brevis,  Bosq  

Psammobia  rudis,  Lamk  

Tellina  Hebertiana,  Bosq  

Lucina  gracilis,  Nyst  

  Thierensii,  Mbert.....  

L.  albella,  Nyst. 
 tenuistria,  Hebert  

L.  uncinata,  Nyst. 
 lepida,  Bosq  

L.  dharicata,  Nyst. 

 striatula,  Nyst  

Diplodonta  apicalis,  Philip  

D.  parvula,  Nyst.  . 
Axinus  Nyatii,  Philip  

A.  angulatus,  De  Kon. 

Lucina  Goodhalliil,  Sow. 

Cyrena  semistriata,  Desh  

Cyprina  Nystii,  Heltert  

C.  Scutellaria,  Nyst. 

 islandica,  var.  a,  Nyst  ?   

Venus  sublievigata,  Nyst  , 

 sulcataria,  Nyst  

V.  Bosauetii,  Hubert. 

—  laevigata,  Nyst  (Lamk.)   , 

 Kickxii,  Nyst   , 

 incrassata,  Sow  , 

•—  incrassatoides,  Nyst  , 

 Westendorpii,  Nyst  

Cardium  hippopaeura,  Desh  , 

—  porulosum,  Brander  

 tenuisulcatum,  Nyst   

 elegans,  Nyst  

 Raulini,  Htbert  

 scobinula,  Merian   

C.  striatulum,  Nyst. 
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Rupd-  j  Bcrjrfe, 
axmde  NttcuU 
cUy. 


62.  Isocardia  transversa,  Nyst   

53.  multicostata,  Nyst   

54.   carinata,  Nyst   

55.  Cypricardia  pectinifera,  Morr.  (Saw.) 

56.  Cardita  latisulca,  Nyst  , 

57.   Omaliana,  Nyst  

58.   Kickxii,  Nyst   

C.  globosa,  Sow.  ? 

59.  Leda  Galeottiana,  Bosq.  (Nyst)   

60.   Westendorpii,  Bosq.  (Nyst) 

61.  Deshayesiana   

62.  Nucula  similis,  Sow  

63.   subtransversa,  Nyst  

64.   Lyelliana,  Bosq  

65.   archiacana,  Nyst   

66.  Chastelii,  Nyst  

67.  Limopsis  scalaris,  Bosq.  (Nyst)   

68.   auritoides,  Bosq.  (Galeotti)  

69.   Goldfussi,  Bosq.  (Nyst)   

70.  Pectunculus  fossilis,  De  Koninck  

P.  terebratularis,  Lamk. 

71.   pulvinatus,  Nyst,  non  Lamk  

72.   lunulatus,  Nyst   

73.   nummarius?,  Lamk  

74.  Area  sulcicosta,  Nyst   

75.   decussata,  Nyst   

A.  multistriata,  De  Kon. 

76.  Mytilus  Nystii,  Kickx   

77.   corrugatus?,  Brangn  

78.   fragilw,  Nyst  

79.   Faujaaii,  Brongn  

80.  Dreissena  Basteroti,  Nyst  (Desk.)  .... 

81.  Pinna  affinis?,  Sow  

82.  Pecten  reconditus,  Nyst  (Broader) .... 

83.   corneus,  Sow  

84.   Deahayesii,  Nyst  

85.   tigerinus,  Muller,  var.  F  

P.  novemcostata,  Bosq. 

86.   Hoenmghausii,  Ditf.   

Janira  Hoeninghausii,  Bosq. 

87.   Ryckholtii,  Nyst  

88.   incurratus,  Nyst   

Janira  incurvata,  Bosq.  (Nyst). 

89.  Spondvlus  auriculatus,  Nyst   

90.   Buchii,  Philip  

91.  Anomia  orbiculata 7,  BroccJti   

92.  Ostrea  cochlear?,  Poti  


• 


•  i 


1852.] 


LYELL— BELGIAN  TERTIARY  FORMATIONS. 


315 


Table  IX.  (continued). 


Limburg  Series. 


Upper. 


Rupel- 
monde 
clay. 


Bergh, 
Nucula 
loam. 


Middle. 


93.  Ostrea  ventilabrum,  Goldf.   

94.   cariosa,  Desh  

95.   pigantea,  Brander   

96.   bellovacina?,  Lanik  

97.   paradoxa,  Nyst  

98.  Dentalium  Kickxii,  Nyst  

99.   acutum,  Hubert   

D.  grande,  Nyst,  non  Desh. 

100.  fissura,  Lamk.  .........  

101.  Emarginula  Nystiana,  Bosq  

102.  Caputus  cornu-copiae,  Bronn  (Defr.)   

103.  Intandibulum  striatellum,  Bosq,  (Nyst) .. 

104.   laevigatum,  Bosq.  (Desk.)   

105.  Solarium  Dumontii,  Nyst   

106.  Phorua  extensus?,  Pusch  

107.   Lyellianus,  Bosq  

Trochus  agglutinins,  Nyst. 

108.  Trochus  Kickxii,  Nyst  

109.   striatellus,  Bosq  

110.  Scalaria  costulata,  Nyst   

111.   ,  nov. sp  

112.  Ampullaria  mutabilis,  Nyst,  non  Brander. 

Globulus,  Sow. 

113.  Turritella  crenulata,  Nyst  

114.  planispira,  Nyst   

115.  Paludestrina  Draparnaudii,  Bosq  

Paludina,  Nyst. 

116.   pupa,  Bosq.  (Nyst)   

117.  Rissoina  Nystii,  Bosq.  (Duchast.)   

Melania  Nystii,  Nyst. 

118.  Risuoa?  Chastelii,  Bosa  

Paludina  Chastelii,  Nyst. 

119.  Rissoa  plicata,  Desh  

R.  violacea  ?,  Fr^min  et  Desmar. 

120.  Duboisii,  Nyst  

121.   succincta,  Nyst  

122.  Actaeon  (Tornatella)  simulatus,  Sow. 

(Brander)   

123.  Turbonilla  laevissima,  Bosq  

Tornatella  acicula,  Nyst,  non  Desh. 

124.   spina,  jyOrbigny  (Desh.)   

125.  Pyramidella  cancellata,  Nyst   

126.  Niso  terebellata,  Bronn   

127.  Nerita  concava,  Nyst  (Sow.)   

128.  Natica  glaucinoides,  Soto  

129.  hantoniensis,  Sow  

130.   hemiclausa?,  Sow  
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131.  Sigaretus  canaliculate*,  Sow  

132.  Bulla  Sowerbyi,  Nyst^   

133.   utricula,  Broccki  

134.   acuminata,  Brug  

136.   conatricta?,  Sow  

136.  Limneus  fabulum?,  Al.  Brong  

137.  Planorbis  rotundatus?,  Brong  

P.  corneus  ?,  Drap. 

138.   depressus,  Nyst   

139.  Cancellaria  elongata,  Nyst   

140.   quadrat*,  Sow  

141.   evulsa,  Sow.  (Brander)   

142.   granulata,  Nyst   

143.  Turbinella jiyndiformis,  Nyst   

144.  Cordieria  Delucii,  Bosq.  (Nyst)   

145.  Fusus  elongatus,  Nyst  

146.   multUulcatus,  Nyst  

F.  trilineatus,  Sow. 

147.   Burdijralenais,  Bosq.  {Batter.) 

148.  —  scalaruonnia,  Nyst   

149.   Deahayeaii,  De  Kon  

160.  erraticus,  De  Kon  

151.  Koninckii,  Nyst   

152.   Waelii,  Nyst  

F.  regularis,  De  Ron. 

163.  Staquiexii,  Nyst   

F.  scalaroides,  De  Kon. 

164.  Pyrula  decussata,  Bosq  

P.  nexiUs,  Nyit,  non  Deah. 

166.   elegant,  Itomk  

166.  Pleurotoma  turbida,  Nyst  (Brander) 
157.   crenata,  Nyst   

P.  subdenticulata,  Goldf. 
168.   Waterkeynii,  Nyst   

159.   belgica,  Goldf.  

160.   BoSnietii,  Nyst   

161.   conoidea,  Nyst  {Brander)   

162.  Selytii,  De  Kon  

163.   Dumontii,  Nyst   

164.   semi-colon?,  Nyst  {Sow.)   

165.   acuticotta,  Nyst   

166.   costellaria,  Duchast  

167.  Morrenii,  DeKon  

168.   Koninckii,  Nyst  

169.   flexnoam,  GoUff.   

P.  acuminata,  Nyst  (non  Sow.). 


Upper. 


day. 


Noe*k 


•  i 

i 
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170.  Cerithium  elegans.  Desk  

C.  margaritaceum,  Nyst,  non  Brocchi. 

171.   subcostellatum,  Schloth  

C.  plieatum,  Lamk. 

C.  Galeottii,  Nyst. 

172.   incrassatum,  Merian   

C.  tricinctum,  Nyst. 

173.   lima,  Desk  

174.   Henckeliusii,  Duchast  

175.  Mures  Deshayesii,  Duchast  

176.   fusiformis,  Nyst   

177.  brevicauda,  Hubert   

AT.  tricarinatus,  Nvst. 

178.  Pauwelsii,  DeKon  

179.  Typhis  tubifer,  Montf.  

180.  —  cuniculosus,  Nyst   

T.  muticus,  Sow.? 

181 .  Triton  argutum,  Brander  

T.  flanaricum,  De  Kon. 

182.  Rostellaria  ampla,  Brander  

R.  macroptera,  Lamk. 

183.   fissurella,  Lamk  

184.   Sowerbyi,  Mont  

Chenopus  Sowerbyi,  Philippi. 

 Margerini,  De  Kon. 

185.  Cassidaria  (Mono)  depressa,  V.  Buck .... 

186.   ambigua,  Nyst  

187.  calanthica,  K.  Buck  

188.  Buccinum  Gossardii,  Nyst   

189.   desertum?,  Brander  

190.   suturosum,  Nyst  

191.  Conns  Brocchii?,  Bronn   

192.   lineatus?,  Brander   

193.  Voiuta  suturalis,  Nyst   

194.  cingulata,  Nyst  

195.  Rathieri,  Hubert   

V.  depressa,  Nyst,  non  Lamk. 

196.   semigranosa,  Nyst   

197.  semiplicata,  Nyst  

198.  Terebellum  fusiforme?,  Lamk  

199.  Ancillaria  canalifera,  Lamk  

200.   buccinoides,  Lamk  

201.  Nautilus  ziczac,  Sow  

Aturia  ziczac,  Bronn. 


Iimburg  Serin. 


Upper. 


Rupel- 
monde 
clay. 


43 


Bergh, 
Nucula 
loam. 


21 


Middle. 


Lower. 


106 


106 
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[Mil  19. 


Upper. 


iRapd. 


ANNBLIDB8. 

Serpula  turbinata  ?,  Pkilippi 
Galeolaria  trochoidea,  Ngst  ... 
Cyclolites,  Nyst. 


ClRRIPEDA. 

Balanua,  tp.  non  detenn  


Entomostraca. 
Cytherella  compressa,  Bosq.  (Miinster) 

Bairdia  punctatella,  Bosq  

 marginata,  Bosq.   

—  lithodomoides,  Bosq  

Cytheridea  Mullen,  Bosq.  (Minster)  .. 
 papulosa,  Bosq  

—  Williamaoniana,  Bosq  

Cythere  acrobiculata,  Miinster  

 striato-punctata,  Bosq.  (Roemer).. 

—  Jurinei,  Miinster   

—  plicate,  Miinster   

—  Nyitiana,  Bosq  

—  Reussiana,  Bosq  

 ceratoptera,  Bosq  

 Lyelliana,  Bosq  


Pisces. 

Myliobatea  ( JStobatea  ?),  tp.  non  detenu. 

Notidanus  pnmigeniua,  Agass  

Galeocerdo  minor,  Agass  

Lamna  contortidena,  Agass  

 cuapidata  ?,  Aaass  

 compressa?,  Agass  

 degana,  Agass  

Otodua  obliquus,  Agass  

Oxyrhina  xiphodon,  Agass  

 trigonodon,  Agass  

 Deaorii  ?,  Agass  

Carcharodon  anguatidena,  Agass  

—  heterodon,  Agass  


11 


11 
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Table  X. 


Showing  the  Relative  Numbers  of  Species  in  the  different  Divisions 
of  the  Limburg  Tertiary  Strata,  and  the  Species  common  to  the 
several  Divisions. 


Upper  Limburg. 

Middle 
Limburg. 

Lower 
Limburg. 

A.,  or  Rupel- 
monde  clay. 

B.,  or  Nucula- 
loam  of  Bergh. 

Total  number  of") 

106 

106 

species  of  Mol-  > 

43 

21 

1 

65 

68 

20 

Species  com 

mon  to 

A. 
and 

B. 

A.  and 
Middle. 

B.  and 
Middle. 

A.  and 
Lower. 

B.  and 
Lower. 

Upper 
and 
Middle. 

Upper 
and 
Lower. 

Middle 
and 
Lower. 

12 

19 

16 

17 

12 

25 

22 

33 

Table  XI. 

Fossils  common  to  the  Limburg  Beds  and  to  English  Eocene  Strata. 
(U.  M.  and  L.  indicate  Upper,  Middle,  and  Lower  Limburg.) 


1.  Clavagella  tibialis?  

Leguminaria  papyracea 
Solecurtus  compressus 

Mya  angustata?   

5.  Lutraria  oblata?   

Corbula  pisum  

 striata  

Psammobia  rudis  

Lucina  Thierensii  

10.  Diplodonta  apicalis  

Axinus  Nystii  

Cyrena  semistriata   

Venus  laevigata  

 sulcataria  


15. 


•  incrassata  and  varieties 


Limburg 
Divisions. 


L. 
L. 
M.  L. 

M. 

U. 

U.  M.  L. 
M.  L. 
M. 
M. 

L. 

U.  M.  L. 
M. 

M.  L. 
U.  L. 


U.  M.  L. 


British  and  other  Localities. 


Calcaire  grossier. 
Calcaire  grossier. 
Upper  Marine,  Barton, 

Bracklesham. 
Upper  Marine,  Isle  of  Wight. 
Pegwell  Bay;  Heme  Bay; 

Bognor. 
Barton;  Bracklesham. 
Barton. 

Barton ;  Calc.  gross. 

Upper  Marine,  Hants. 

Barton  (species  very  near,  if 
not  identical—  Morris). 

Lond.  Clay  proper,  Highgate. 

Upper  Marine,  Isle  ofWight. 

Barton;  Calc.  gross. 

Bracklesham  (Messrs.  Morris 
and  Edwards  find  no  dif- 
ference in  the  species). 

Upper  Marine,  Hants. 

y2 
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Table  XI.  (continued). 


Limbing 
Divisions. 


British  aad  other 


20. 


25. 


30. 


Venus  Rickxii  

Cardium  hippopteum  ... 

 porulosum  

Cypricardia  pectinifera 

Cardita  Rickxii?  

Nucula  aimitia  . 

Limopsis  acalaris  

Pectunculus  foasilia  

Mytilua  Faujasii   

 coiTugatua?  

Dreiaaena  fiaateroti  ■ 

Pinna  affinia?   

Pecten  reconditna   


U. 


M. 
M. 
M. 
M. 


L. 
L. 
L. 

L. 
L. 


—  coraeua 
Ostrea  carioaa 


■gigantea 
•  bellovacina  ? 


36 


40. 


Capulus  cornucopia;   

Infundibulum  laevigatum  . 

Phorus  extenaua  

Ampullaria  mutabilis   

Paludeatrina  Draparnandii . 

 pupa  

Riaaouia  Nystii   

Riaaoa?  Chaatelii  

Actaeon  simulatus   

Turbonilla  spina  

Niao  terebellata   

Nerita  concaya  

45.  Natica  glaucinoidea  

 hantoniensia   

Sigaretua  canaliculatua  .... 
Bulla  acuniinata  

—  conatncta.  

Limneus  fabulum   

Planorbia  rotundatua   

Cancellaria  evulaa   

 qoadrata  

Fuaua  moltisulcatua  

scalariformis   

Pyrula  elegana  

Pleurotoma  turbida  

—  flexuoaa   

 crenata   

 Seljraii  

 semicolon?  

 conoidea  

Cerithium  elegana   

lima  

plicatum  

incraatatum  


M. 
M. 
M. 
M. 

M. 
M. 
M. 
M. 
M. 
U.  M. 
M. 

M. 
U.  M. 
M. 


L. 
L. 
L. 
L. 


50. 


55. 


60. 


65. 


M. 
M. 
M. 
M 
M. 
M. 


U.  M.  L. 


U. 

U.  M. 
U.  M. 
U. 


M. 
M. 
M. 
M 


Barton? 

Brackleaham;  Cak.  gross. 

Brack  ksham. 

Barton. 

Barton. 

Barton;  Highgate. 
Barton. 
Brackleaham. 
Upper  Marine. 
Vicentine,  Eocene. 
Upper  Marine. 
Bognor;  Highgate. 
Barton. 
Brackleaham. 
Cak.  groaa. 
Barton. 

Woolwich;  Lower tertians 
Brackleaham;  CaJc  groat. 
Cak.  groaa. 
Barton ;  Cak.  groaa. 
Barton  and  Uppc 
Upper  Marine,  Hants. 
Upper  Marine. 
Upper  Marine,  Hanta. 
Upper  Marine,  Hanta. 
Barton;  Highgate. 
Cak.  groaa. 
Brackkaham. 
Up.  Mar.y  Hanta;  CaJc.  gross. 
Barton;  Bnckleaham. 
Barton;  Brackleaham. 
Barton. 
Barton. 

Barton;  Cak.  groaa, 
Freshwater,  Iak  of  Wkgnt. 
Freshwater,  Isk  of  Wqgk*. 
Barton ;  Cak.  groaa, 
Barton. 

Highgate?;  Cak.  groaa.? 

Barton. 

Cak.  groaa. 

Barton. 

Barton. 

Barton. 

Highgate. 

Barton;  Highgate. 

Barton. 

Barton. 

Upper  Marine. 

Upper  Marine. 

Upper  Marine,  Hantl_». 
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Table  XI.  (continued). 


Limburg 
Divisions. 

British  and  other  Localities. 

Buccinum  Gossardn  • 

U.  M.  L. 
U.  M.  L. 

L. 

L. 

U.  M. 

L. 

IT  M  I 

Urn   JJ1.  JU. 

M. 
M. 

L. 
L. 
L. 
L. 

U. 

Barton? 

Barton,  Highgate. 
Barton. 

Barton ;  Calc.  gross. 

Highgate. 

Barton. 

KOvf  AVI 

Darxon. 
Barton. 
Barton. 
Barton. 

Barton;  Bracklesham. 
Barton. 

Barton ;  Calc.  gross. 
Highgate;  Sheppey. 

7.  Nomenclature  of  the  Limburg  Tertiary  Strata ,*  and  whether 
they  should  be  re/erred  to  the  Upper  Eocene  or  Lower  Miocene 
periods. 

My  original  reasons  for  not  classifying  the  upper  marine  strata  of 
the  Paris  basin,  commonly  called  "  sables  de  Fontainebleau,"  &c,  and 
the  upper  marine  and  freshwater  of  the  Isle  of  Wight  as  Miocene, 
were  threefold. 

1st.  Because  many  of  the  shells  were  identical  with  fossils  from 
the  Calcaire  grossier,  Barton  clay,  and  other  Eocene  beds,  while  the 
general  aspect  of  the  fauna  resembled  that  of  the  lower,  rather  than 
of  the  upper  tertiary  strata. 

2ndly.  Because  of  the  great  distinctness  of  the  fauna  from  that  of 
the  faluns  of  Touraine,  which  contained  above  300  species  of  shells, 
and  which  I  had  chosen  as  the  type  of  the  Miocene  period. 

3rdly.  Because  the  proportion  of  recent  species  did  not  appear  to 
be  sensibly  greater  than  in  the  Eocene  strata,  regarded  as  a  whole. 

Geologists  will  be  enabled  by  means  of  the  Tables  given  above  to 
appreciate  the  true  merits  of  this  question.  It  will  be  seen  that  out 
of  201  species  of  Limburg  mollusca,  eighty  are  identical  with  fossils 
commonly  regarded  by  English  geologists  as  Eocene.  Even  if 
we  omit  seventeen  species  which  occur,  fifteen  of  them  in  the  upper 
marine  of  Hampshire,  and  two  in  the  associated  freshwater  beds,  still 
we  have  sixty-three  Eocene  species  in  a  list  of  201.  Ten  of  these 
identifications,  however,  are  given  doubtfully,  because  the  means  of 
comparison  were  more  or  less  deficient.  If  we  exclude  all  these,  we 
have  still  fifty-three  remaining.  I  am,  however,  by  no  means  disposed 
to  exclude  the  Upper  Marine  of  Hampshire  from  the  Eocene  period, 
as  the  number  of  species  common  to  it  and  to  the  Barton  beds  is 
shown  by  old  and  modern  researches,  especially  by  Dr.  Wright*,  to 
be  considerable. 

*  Proceedings  of  the  Cotswold  Naturalists'  Club  for  1850,  p.  87  et  teq. ;  and 
Ann.  and  Mag.  N.  Hist.  2  ser.  vol.  vii.  p.  14  et  teq. 
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If  we  next  turn  to  the  fifty-two  Upper  Limburg  species  (Table  3L), 
it  will  be  seen  that  nineteen  are  identified  with  English  Eocene  fossils, 
one  only  of  the  number  (Venus  incrassata)  being  admitted  on  the 
disputed  ground  of  its  occurring  in  beds  so  modern  as  the  Upper 
Marine  of  Hampshire.  In  regard  to  two  of  the  species  also,  we  re- 
quire fuller  information  before  we  can  feel  sure  of  their  agreement. 

Out  of  106  Middle  Limburg  species,  forty-eight  are  British  Focrar. 
but  thirteen  of  these  must  be  deducted  by  those  who  do  not  ranskirr 
the  upper  marine  and  the  freshwater  beds  of  Hampshire  as  Eocene. 
Even  after  this  deduction,  together  with  two  others  as  doubtful,  nearly 
a  third  of  the  whole  are  common  to  undoubted  Eocene  beds. 

Lastly,  out  of  106  Lower  Limburg  fossils,  forty-four  are  British 
(or  well-known  French)  Eocene  shells,  and  only  one  of  these  (F mm 
incrassata)  would  have  to  be  excluded  as  occurring  only  in  the  Upper 
Marine  of  Hants.  If  we  omit  five  others  as  doubtful,  for  want  ofanpir 
means  of  comparison,  there  remain  thirty-eight  Eocene  specie*,  or 
more  than  a  third.  This  is  as  great  a  resemblance  as  can  usnaDy  be 
affirmed  of  any  one  of  the  great  members  of  the  English  or  French 
Eocene  divisions,  when  compared  with  another, — the  Barton  beds, 
for  example,  with  the  Highgate,  or  the  Calcaire  grossier  with  the 
Sables  uuerieurs  Soissonnais. 

It  is  natural  to  find  a  larger  proportion  of  shells  in  the  Lower 
Limburg,  than  in  the  Upper,  common  to  the  older  Eocene,  Among 
the  nineteen  shells  of  the  latter  identified  with  Eocene  spectea>  clercn 
occur  in  the  Barton  clay,  or  high  up  in  the  English  series.  When 
in  the  '  Principles  of  Geology *  I  placed  the  Mayence  basin  in  the 
Miocene  division,  my  classification  was  in  that  respect  inconsistent 
with  itself,  for  M.  de  Koninck  pointed  out  to  me  in  1850  his  reasons 
for  concluding,  many  years  before,  that  a  great  many  of  the  Mayence 
fossils  agreed  with  the  Limburg  and  Rupelmonde  strata*.  M.  Bos- 
quet has  since  observed  to  me,  that  it  is  with  the  Middle,  and  not  with 
the  Lower  Limburg  division,  that  this  analogy  with  the  Mayence 
basins  holds  good. 

In  the  paper  by  M.  Hebert  before  referred  tof,  it  will  be  seen  that 
he  enumerates  twenty-four  species  of  shells  from  the  "  Ostrea  cya- 
thula  clay"  and  "  Sables  de  Fontainebleau,"  &c,  at  Paris,  Etampes, 
and  other  places  in  France,  as  decidedly  identical  with  Limburg  and 
Rupelmonde  fossils.  All  of  these  are  found  in  the  Middle  or  Lpper 
Limburg  beds,  and  only  nine  in  the  Lower  Limburg.  This  greater 
agreement  with  the  former  arises  partly  from  the  presence  of  fresh- 
water species,  none  of  which  occur  in  the  Lower  Limburg.  Of  the 
twenty-four  French  species,  four  are  common  to  the  Rupelmonde  Clay 
(or  4  in  43),  and  nine  to  the  Lower  Limburg  beds  (or  9  in  106) ; 
so  that  the  relationship  of  the  French  fossils,  taken  as  a  whole,  with 
the  highest  and  lowest  divisions  of  the  Belgian  formations,  which  are 
both  of  them  marine,  do  not  seem  to  differ  essentially. 

I  have  met  with  no  Nummulites  in  any  of  the  Belgian  Upper 

*  See  4  Manna)  of  Geology/  1851,  p.  177 ;  where  I  alluded  to  the  agtceawt  «f 
the  Belgian  and  Mavence  beds  with  those  of  llermklorf  neax  Berlin, 
f  Bulletin  de  la  Soc.  Gcol.  de  France,  t.vi.  p.  459.  1849. 
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Eocene  strata,  whether  at  Rupelmonde  or  Kleyn  Spawen.  In  that 
country,  as  in  England  and  France,  they  seem  to  characterize  the 
Middle  Eocene  series,  and  not  to  occur  in  the  Upper  or  Lower 
Eocene ;  a  result  corresponding  to  that  at  which  M.  cr  Archiac  had 
previously  arrived  in  France. 

The  proportion  of  recent  species  in  the  201  fossil  Mollusca  of  the 
Limburg  beds  has  still  to  be  considered.  I  may  safely  affirm  that  it 
is  not  greater  than  in  older  or  universally  acknowledged  Eocene  for- 
mations. The  following  fossils  have  been  supposed  to  agree  with 
living  shells : — 

1.  Cyprina  islandic*  ?,  var.  5.  Limneus  fabulum  ? 

2.  Riasoina  Nystii.  6.  Solen  ensis,  Tar.  ? 

3.  Rissoa  violacea  ?  7.  Ostrea  cochlear. 

R.  ptieata, 

4.  Planorbia  cornens  ? 

P.  rotundatui  ? 

Judging  from  one  valve  of  the  Cyprina  above  mentioned,  given  to 
me  by  M.  Bosauet,  Professor  Forbes  believes  the  shell  to  differ  from 
the  living  species ;  the  muscular  impression  being  larger,  and  the 
pallial  impression  not  similar.  Rissoa  plicata,  Desh.,  appeared  to 
M.  Bosquet  to  agree 'perfectly  with  R.  violacea,  Frem.  and  Desm.,  a 
Mediterranean  shell,  but  Prof.  E.  Forbes,  after  carefully  comparing 
them,  is  not  satisfied  with  the  identification ;  and  he  remarks,  in  regard 
to  the  genera  Rissoina  and  Rissoa,  that  there  is  so  great  a  want  of 
unanimity  among  the  best  naturalists  as  to  the  value  of  the  specific 
characters  of  some  of  the  commonest  living  species,  such  as  Rissoa 
balthica,  that  it  would  be  dangerous  to  attempt  to  identify  fossils  in 
these  genera  with  living  molluscs,  when  they  occur  as  members  of  a 
fauna  decidedly  extinct.  The  same  remark  will  apply  to  Limneus, 
Planorbis,  and  Ostrea.  I  do  not  possess  the  means  of  comparing  the 
Solen  alluded  to  by  M.  Nyst.  Two  or  three  of  the  Entomostraca,  as 
Bairdia  lithodomoides  and  Cytheridea  Mulleri,  are  pronounced,  on 
the  high  authority  of  M.  Bosquet,  to  be  quite  undisthiguishable  from 
living  species.  Such  identifications  do  not  affect  the  data  on  which 
my  original  nomenclature  of  tertiary  classification  was  founded,  as  I 
confined  myself  exclusively  to  the  fossil  mollusca. 

With  regard  to  the  faluns  of  Touraine,  although  containing  more 
than  300  species  of  shells,  there  are  scarcely  any  species  identical 
with  those  of  the  Limburg;  so  that  the  greater  analogy  of  these 
last  with  the  Eocene  type,  than  with  that  which  I  have  always  con- 
sidered as  Miocene,  is  striking. 


§  7.  On  the  Middle  Eocene  Strata  of  Belgium  and  French  Flanders, 
or  the  "  Nummulitic  Eocene 99  (E.  1,  2, 3,  Table  I.  p.  279).  Sy- 
sthmes  Laekenien,  Bruxellien  et  Tpresien,  ktage  supSrieur,  of 
M.  Dumont. 

The  group  of  tertiary  strata  which  we  meet  with  next  in  the  de- 
scending order  in  Belgium  (comprising  the  "  Systemes  Laekenien, 
Bruxellien  et  Ypresien 99  of  M.  Dumont)  corresponds  most  nearly,  if 
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not  entirely,  in  age  with  the  Barton,  Bagshot,  and  Bracklesham  bed* 
of  the  London  and  Hampshire  basins,  and  with  the  Sublet  way  em  9, 
Calcaire  grossier,  and  part  of  the  Sables  in/erieurs  of  the  Faraiam 
series.  The  two  districts  where  I  studied  them  principally  were  the 
neighbourhood  of  Brussels  and  that  of  Cassel,  in  French  Flanders. 

1 .  Eocene  Tertiary  Strata  of  Cassel,  near  Dunkirk.  Hitt  of  Cassel, 
Mont  Noir,  and  Hill  of  Boesekepe. 

I  shall  first  describe  the  Cassel  district,  because  some  of  the  Eocene 
strata  there  occupy  a  somewhat  higher  position  than  any  foesdiferoa* 
strata  older  than  the  Limburg  series  known  at  present  in  other  pans 
of  French  Flanders  and  Belgium. 

The  town  of  Cassel,  situated  about  twenty  miles  S.S.E.  of  Dunkirk 
(see  Map,  PI.  XVII.),  stands  on  the  summit  of  a  hill,  51 5  English  feet 
(157  metres)  above  the  level  of  the  sea.  This  hill  rises  on  its  north, 
south,  and  west  sides  very  abruptly  from  the  surrounding  plain,  which 
is  about  400  feet  below  the  level  of  the  top  of  the  hill.  The  railway, 
station  (K.  fig.  4),  at  the  western  base  of  the  hill,  has  been  ascer- 
tained to  be  40  metres  (131  English  feet)  above  the  sea.  The  HiE 
of  Cassel  is  the  most  western  of  a  small  chain  which  extends  tea 
or  twelve  miles  in  a  south-easterly  direction  into  Belgium,  the  town 
of  Ypres  being  situated  near  its  eastern  extremity.  These  hills  are 
all  of  very  similar  composition,  geologically  speaking,  although  the 
Hill  of  Cassel  displays,  upon  the  whole,  the  greatest  number  of  well- 
characterized  subdivisions  of  the  tertiary  series.  It  will  be  useful 
therefore  to  consider  it  as  a  type,  and  to  compare  the  others  with  h. 


Fig.  4.— Section  of  the  Hill  of  Cassel. 

W.  Cased.  Lm  RecoJkte.  t. 


B  S.  Dust  sands. 
El.    f  e.  Ftrruginou*  sands  (upper  part  of  E  1  ?). 
(Laeken<  /•  Sandy  giancooJte  (middle  part  of  E  1  ?). 
beds),  [g.  "  Black  band,"  with  Nmmu  swrfefartat, 


I  /  *.  Num.  Ufigmhu  bad. 
bedsTj  *  *'  °Teen  makX**  ■»*  raferijtaf  **n<K  with  Nmm,  Utvigmhu. 
E  3.  Sands,  days,  Ac.   Lower  Nammafitk? 
F  1.  London  Clay  with  septaria.  Bored  to  a  deptk  of  Saw  fact . 
K.  Csssel  railway-station. 

This  hill,  like  all  the  others,  is  capped  with  ferruginous  sands  and 
sandstone,  doubtlessly  belonging  to  the  Diest  sands  (B.  2.  Table  1. 
p.  279  and  fig.  4),  as  usual  barren  of  fossils.  Their  thickness  at  Cassel 
cannot  be  measured,  but  on  the  summit  of  the  hill  of  Mont  Noir,  near 
Bailleul,  about  fourteen  miles  to  the  south-east  (see  Map,  PI.  XVII. 
fig.  1),  this  formation  is  seen  to  be  20  feet  thick.  In  that  hill,  which 
is  430  feet  above  the  level  of  the  sea,  the  Diest  sands  consist,  at 
their  base,  of  a  conglomerate  of  flint-pebbles  coated  with  hydrate  of 
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iron.  In  the  sands  aboye  this  conglomerate  are  many  geodes  and 
large  hollow  pipe-like  concretions  of  hydrate  of  iron.  Below  are 
ochreous,  yellow,  ferruginous  sands  (e),  which  M.  Meugy,  adopting 
the  opinion  of  M.  Dumont,  has  called  "  Tongrian"  in  his  map  of 
French  Flanders,  thereby  implying  that  they  belong  to  the  Limburg 
or  Upper  Eocene  series  described  above,  §  6.  They  are  about  50  feet 
thick  m  Mont  Noir  (where  they  are  far  better  exposed  to  view  than 
at  e,  fig.  4,  in  the  Hill  of  Cassel),  and  at  the  depth  of  30  feet  from 
the  top  contain  an  irregular  and  discontinuous  bed  of  rolled  chalk- 
flints,  some  of  them  large,  or  from  4  to  8  inches  in  diameter.  Fer- 
ruginous sands  are  seen  above  and  below  the  gravel.  In  some  of 
those  immediately  below  it  are  casts  of  shells,  to  which  my  attention 
was  first  called  by  M.  Meugy,  and  of  which  many  were  collected  for 
me  by  M.  Curtel,  a  French  engineer,  with  whom  I  explored  the  hill. 

Fossil  Shells  of  the  Ferruginous  Sands  next  below  the  Diest  Sands 
in  Mont  Noir  near  Cassel. 

1.  Corbula  gallics,  Lands. 

2.   ,  another  species. 

3.  Thracia? 

4.  Sangainolaria  Hollowaysii,  Sow. 

5.  Tellina. 

6.  Lucina  divaricate  ?,  Lands. 

7.  Cytherea  snberycinoides,  De$h. 

8.  ,  another  species. 

9.  Cardinm  porulosum,  Brander. 

10.   semigranulatum,  Sow. 

11.  —  turgidum,  Brander. 


12.  Pecten  reconditas,  Brander,  sp. 

13.  Ostrea  inflata,  Desk. 

14.  Dentalium  strangulatum,  Desk. 

Ditrupa  ? 

15.  Natica  sigaretina,  Lands. 

16.   patula,  Desk. 

17.  ambulacrum,  Sow.  sp. 

18.  Turritella  imbricataria,  Lands. 

19.  Buccinum  junceum,  Sow. 

20.  Voluta. 

21.  Conus  antediluvianus  ?,  Lands. 


The  Sanguinolaria  Hollowaysii  is  a  well-known  English  species, 
c^urring  at  Bracklesham,  and  the  whole  list  is  such  as  we  might 
meet  with  in  the  Upper  Bagshot  Sands,  to  which  these  beds  bear  a 
considerable  mineralogical  resemblance.  The  absence  of  all  fossils 
peculiar  to  the  Limburg  series,  both  here  and  in  the  Cassel  chain  of 
hills  generally,  makes  me  question  the  propriety  of  referring  these 
sands  to  the  "  Tongrian"  beds  of  Dumont.  The  casts  of  Ostrea  in- 
Jlata  are  numerous,  and  this  fossil  abounds  at  Cassel,  as  we  shall 
presently  see,  in  beds  (lower  in  the  series)  which  contain  Numtnulites 
variolarius  in  profusion.  At  Mont  Noir  the  section  below  the  ferru- 
ginous sands  is  imperfectly  seen  or  barren  of  fossils,  but  in  the 
neighbouring  hill  of  Boescnepe,  to  the  westward,  the  same  yellow 
irony  sands  as  those  of  Mont  Noir  recur,  with  some  white  and  green 
sands  associated,  beneath  which  are  grey,  bluish,  and  greenish  sands, 
20  feet  thick,  with  thin  layers  of  clay,  and  a  fossiliferous  glauconite, 
which  I  shall  now  describe. 

The  glauconite  alluded  to  is  only  6  inches  thick.  It  contains 
coarse  grains  of  blackish  green  earth,  and  is  without  calcareous  matter. 
It  was  laid  open  in  a  cutting,  at  the  time  of  my  visit,  for  a  road 
which  runs  south  and  north  from  the  village  of  Berthen  to  Boeschepe 
(see  Map,  PI.  XVII.  fig.  1).  Casts  of  the  following  fossil  shells  oc- 
curred in  the  glauconite,  only  a  few  feet  below  the  level  of  the  water- 
shed of  the  ridge,  and  on  its  northern  side. 
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Shells  of  the  Glauconite  of  the  Hill  of  Boeschepe  nemr  CmsseL 


1.  Crassatella  plicate?,  Sow. 

2.  Ludna  squamula,  De$h. 

3.  Cytherea  or  Venus. 

4.  Cardium  porulosum,  Brander. 

5.  ,  with  fine  striae. 

6.  — ,  third  species. 

7.  Cardita  acuticosteta  ?,  Lamk. 

8.  Area  barbatula,  Lamk. 

9.  Mytilus  acutengulos,  Desk, 


10.  Mytflns,  another  species. 

11.  Ottrea  flabeUula?,  Lamk. 

12.  Fnsns  or  Murex?;  allied  to  M.fnm- 

dotus  or  M.  cenmtfw*. 

13.  Cassidaria  carinata  ?,  Lamk. 

14.  Volute  digitalina?,  Lmm*. 

15.  Cypraea;  cast,  allied  to  C  muMmU, 

Lamk. 

16.  Ovnla;  of  very  large sne. 


Cardium  porulosum,  an  Ostrea  (probably  O.  JtabeQmla),  and  a 
Mytilus,  are  the  most  common  among  the  casts.  The  most  striking 
fossil,  however,  was  one  discovered  here  by  M.  Cartel,  and  now  ia 
the  collection  of  M.  Meugy  at  Lille.  It  is  an  Chula  of  the  sbe  of 
Cyprcea  Coombii,  Dixon,  *  Foss.  Suss.'  pi.  8.  fig.  6,  or  of  OnUm  tu- 
berculosa, Desh.  'Coq.  Foss.  de  Paris,'  pi.  97.  fig.  17.  On  my 
showing  the  cast,  however,  to  M.  Deshayes,  he  pronounced  it  to  be 
different,  and  to  agree  with  an  unpublished  shell,  of  which  hepos- 
sesses  imperfect  remains  from  a  bed  of  the  Calccdre  grottier  at  Cnam- 
mont  in  France,  overlying  strata  containing  Cerithium  gigantemmu 

As  the  Boeschepe  glauconite  succeeds  immediately  to  the  ferragi- 
nous  sands,  and,  according  to  M.  Curtel,  occurs  at  the  height  of  113 
metres  above  the  sea  (only  12  metres  below  the  summit  of  the  lull 
of  Boeschepe),  I  am  inclined  to  identify  it  with  a  similar  gUucoohe 
found  at  Cassel  (at  /,  fig.  4)  above  the  "  bande  noire  '*  (p,  fig.  4),  after- 
wards to  be  mentioned ;  but,  as  the  nummulitic  beds  of  Camel  hare 
not  yet  been  observed  in  the  hills  of  Boeschepe  or  Mont  Noir,  I  can* 
not  decide  with  confidence  on  its  exact  position. 

We  may  now  return  to  the  Hill  of  Cassel,  which,  as  before  stated, 
is  capped  by  the  Diest  sands  (B  2,  fig.  4),  under  which  are  other 
ferruginous  strata  (e,  fig.  4),  as  yet  unproductive  of  fossils,  but  which 
I  believe  to  be  of  the  same  age  as  the  Mont  Noir  beds  already  do 
scribed.  M.  Meugy  estimates  the  united  thickness  of  these  sands, 
B  2,  and  /,  fig.  4,  at  56  feet.  Their  junction  with  the  beds  next 
below  is  not  seen,  but  on  the  eastern  slope  of  the  hill,  which  faces 
the  Mont  des  RecoUets,  a  section  is  laid  open  in  an  excavation  for 
stone  and  sand,  called  Caton's  Pit  from  the  person  who  now  works 
it,  which  may  be  regarded  as  exhibiting  the  continuation  of  Use 
series.  The  mass  of  clay  without  fossils  on  the  left  side  of  this 
section  (*,  fig.  5)  is  unconformable,  as  here  represented.  It  is  of 
considerable  thickness,  perhaps  20  to  30  feet ;  but  neither  could  I,  nor 
M.  Meugy  who  examined  it  with  me,  determine  its  true  age. 

(1 .)  The  bed  /,  figs.  4  &  5,  is  34  feet  thick,  and  consists  of  a  sandy 
glauconite  with  some  thin  layers  of  clay  in  its  lower  portion.  In  parts 
it  is  spotted  with  yellow ;  in  other  beds  it  contains  coarse  blackish-greeo 
pains  like  those  of  the  glauconite  of  Boeschepe,  and,  as  in  that  hill, 
impressions  of  shells  occur,  the  calcareous  matter  of  the  shell  having 
wholly  disappeared.  The  only  recognizable  species  were  Peetem  cor- 
nevs  and  Cardium  semigranulatum.    The  general  dip  of  these  strata 
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and  of  those  immediately  subjacent  is  at  a  slight  angle  towards  the 
north-east. 

Fig.  5. — Section  in  Caton's  Pit,  on  the  eastern  slope  of  the  Hill  of 

Cassel. 

s.   ,h. 


z.  Bed  of  clay,  without  fossils. 
/.  Sandy  glauconite  (1). 

g.  "  Black  band  "  with  Ostrea  inflata  and  Num.  variolarius  (S). 


g*.  Sands  with  Nivadites,  Nautilus,  Cerithium  giganteum,  Num.  variolarius,  &c.  (9  to  6). 
h.  Green  aand  and  sand-rock  with  Num.  Uevigatus  (7). 
hf.  Sands  and  sandstone  with  Ostrea,  &c.  (8  to  10). 
f.  Green  maris  (11). 

(2.)  Next  below  is  a  dark  bed,  called  by  the  workmen  la  bande 
noire  figs.  4  and  5),  1£  foot  thick.  It  is  divided  in  some  places 
by  thin  layers  of  yellow  sand,  in  which  I  found  the  following  fossils : 

Shells  of  the  "Bande  noire,"  Cosset  (g,  figs.  4  &  5). 

Numrauliteg  variolarius,  Lamk.  Pecten  plebeius,  Lamk. 

Cryptodon  ?  Anomia  laevigata,  Sow. 

Venus ;  small.  Ostrea  inflata,  Desk. 

Cardita.  *  Dentalium  strangulatum,  Deth. 

Nucula  margaritacea,  Lawk.  Natica. 

Pecten  imbricatos  ?  Deth.  Turritella. 

The  presence  of  Nummulites  variolarius  and  Ostrea  inflata  indi- 
cates the  commencement  of  those  Eocene  strata  which  are  called  at 
Brussels  the  "  Laeken  beds,"  and  to  a  higher  division  of  which  those 
sands  in  the  Cassel  hills,  which  have  been  hitherto  called  "  Tongrian," 
may  perhaps  belong. 

(3.)  Immediately  below  the  bande  noire  are  beds  of  yellowish 
sand  with  green  grains,  9  feet  thick.  Within  a  foot  of  the  top  of 
this  mass  is  an  irregular  layer  of  sandstone,  or  a  bed  of  nodules  of 
sand  cemented  by  calcareous  matter,  in  which  many  of  the  following 
fossils  occur  in  the  state  of  casts,  while  the  rest  are  free  in  the  sand. 

Nummulites  variolarius,  Lamk. ;  very     Corbula  pisum,  Sow. 

abundant.  Tellina  rostralis,  Lamk. 

Turbinolia  sulcata,  Lamk.  Lucina  (Loripes)  divaricata,  Lamk. 

T.  Nystiana  ?  Haime.  Venus ;  the  same  as  one  found  at 
Lunulites  radiatus,  Lamk.  Laeken. 

Clavasella  coronata,  Desh.  Venus  elegans  ?  Sow. 

Teredina.  Cytherea  suberycinoidcs,  Desh. 
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Cypricardia  peetinifera,  Morrii.  Ottawa  inftata,  DmJL 

Cardium  •emigranalstum,  Sow.  Dentabum  stiaiigulalina,  Dmk 

 obliquum,  Dtth,  Turritella  imbricstaria  (yonag)  ? 

Cardita  elegant,  Lamk.  Myliobate*. 

Nucula  fLeda)  Galeottiana,  Nytt.  Nipadites  Bortmi ;  drilled  by  7b 

Pecten  plebtius,  Lamk. 


In  a  sandstone  cast  of  Nipadites  (once  regarded  as  a  < 
Burtin)  which  retains  perfectly  its  shape,  we  see  the  tubes  of ! 
in  great  numbers,  these  moilusks  having  evidently  drilled  the  husk  of 
the  floating  fruit  through  and  through.  The  occurrence  of  two  spe- 
cimens of  this  fossil  in  this  bed,  with  NummuUtes  variolariua,  TeOmm 
rostralis,  Cypricardia  pectinifera,  and  other  Laeken  sheila,  ahowi 
that  the  plant  is  referable  here  to  a  higher  part  of  the  aeries  than 
that  in  which  it  is  found  in  the  environs  of  Brussels,  which,  as  we  shall 
afterwards  see,  is  below  the  level  of  the  NummuUtes  Uttigmtua.  In 
the  Sheppey  clay  the  same  Nipadites  is  seen  to  range  still  lower  in 
the  Eocene  series. 

That  these  fruits  were  drifted  down  to  the  sea  is  shown  by  their 
being  perforated  by  Teredime,  and  I  am  informed  by  Dr.  Hooker 
that  no  fruits  are  so  often  met  with  floating;  down  the  arms  of  the 
Granges,  in  the  delta  near  the  sea,  as  those  of  Nipa  fruticans.  They 
are  often  so  abundant  that  the  paddle-wheels  of  steamboats  are  ob- 
structed by  them. 

(4.)  Next  below  is  a  bed  of  whitish  and  yellow  sand,  Z\  feet  thick, 
containing  in  its  upper  part  a  bed  of  concretions  of  sandstone  about 
10  inches  thick.   The  fossils  are — 
Numnralitet  variolarius,  Lamk.  Lucina. 

Lunulite*  radiatua,  Lamk.  Solarium  (Vennetaa)  Nystfi,  GaL 

Tellina  sinuata  ?  Lamk. 

(5.)  "  Nautilus-bed,"  3}  feet  thick.  Grey  and  yellow  sand,  with  a 
bed  of  soft  sandstone  in  nodules  in  the  upper  part,  1  foot  thick,  i 
taming 

Lucina  (Loripes)  divaricata,  Lamk.  TurriteUa. 
Pecten  acabnutculua,  Math.  Nautilus  Buruni,  GaL 

 plebeius,  Lamk.  Crab's  daw. 

Anomia  laevigata,  Sow.  Vertebras  and  teeth  of  1 

No  less  than  four  specimens  of  Nautilus,  all  perfect,  though  in  a  de- 
composing state,  were  dug  out  of  the  bed  when  I  was  present.  One 
variety  resembles  N.  imperial*  in  general  form,  but  seems  to  be  the 
same  species  as  N.  Burtim. 

(6.)  "  Cerithium  giganteum  bed ;"  thickness  1  foot  8  inches.  Yel- 
lowish sand  with  grains  of  green  earth,  and  containing  in  its  upper 
part  an  irregular  bed  of  shelly  sandstone,  one  foot  thick ;  both  in  the 
loose  sand  and  in  the  stone  rolled  pebbles  of  chalk-flints  occasionally 
occur.   The  fossils  are — 

Nummulites  variolarins,  Lamk.  Cardita  elegant,  Lamk. 

Luoulites  radiatua,  Lamk.  Nucula  margaritacea,  lamk. 

Turbinolia  sulcata,  Lamk.   striata,  Lamk. 

T.  NyitUma  ?  Haime.  Pecten  acabrinacohia.  Math. 

Lucina  mutabilis,  Lamk.   plebeina,  lamk. 

 contorta?  Drf.   corneas.  Sow. 

 divaricata,  Lamk.  Ostrea  ftabeOula,  tail. 

Cytherea  terigata,  Lamk.   virgata, 
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Terebratula  Kkkxii,  Gal.  Echinolampas  Galeottianus,  B.  Forbes; 
Solarium  (Vermetus)  Nystii,  Gal.  abundant  in  lower  part  of  bed. 

Tnrritella  edita,  Sow. ;  very  abundant.   affinis  ?,  E.  Forbet. 

Cerithium  giganteum,  Lami. ;  abundant.        Clypeaster  affinis  f,  Goldf. 

Caatidaria  nodosa,  Nytt.  Crab's  daw. 

 carinata,  Lami.  Vertebras  and  teeth  of  Lamna. 

Nautilus  Burtini,  GaL  Myliobates. 

In  the  highest  part  of  the  bed,  above  the  nodules  of  stone,  Cm- 
thium  giganteum  occurs  in  great  numbers  with  Turritella  edita. 
Nummulites  variolarius  is  seen  in  the  sand  filling  the  interior  of  the 
Cerithia.  Nummulites  Umgatus  occurs,  so  far  as  I  observed  it,  be- 
low the  stony  bed,  and  marks  the  beginning  of  the  beds  where  that 
larger  species  abounds,  although  at  the  contact  both  might  possiblv 
be  detected  in  the  same  stratum.  The  Cerithium  giganteum  bed  is 
probably  about  the  level  of  the  line  of  junction  of  the  "  Laeken " 
and  "  Brussels  "  Middle  Eocene  divisions  hereafter  to  be  described  in 
the  environs  of  Brussels. 

(7.)  "Nummulites  hevigatus  bed"  (A,  figs.  4  &  5)  ;  thickness  1| 
foot.  This  bed  consists  in  parts  of  a  hard  greenish  sand-rock,  con- 
taining Nummulites  hevigatus  and  N.  scaler,  and  partly  of  incoherent 
sand  with  green  grains,  with  the  same  species  of  Nummulites  loose 
and  disseminated.  The  molluscs  mentioned  in  the  following  list  oc- 
cur both  in  casts  and  as  shells  in  the  sand.  The  teeth  of  Sharks  are 
numerous. 

Nummulites  laevigatas,  Brug. ;  very        Ostrea  flabellula,  Lami. 

abundant.  —  virgata,  Goldf. 

 scaber,  Lamk. ;  very  abundant.        —  cymbula,  Lami. 

Gastrochaena.  Terebratula  Kickxii,  Nytt. 

Crasaatella.  Natica ;  two  species. 

Cytherea  laevigata,  Lami.  Tnrritella  imbricataria,  Lami. 

Lncina  mutabUis,  Lami.  Asterias  (Goniaster)  poritoides  ?,  Detm. ; 

Cardium  semigranulatum,  Sow.  marginal  ossicles. 

 porulosum,  Brander.  Echinolampas  Galeottianus,  B.  Forbes. 

Cardita  planicostata,  Lami.  Lamna  elegans,  Agass. 

Pectunculus.  Otodus  macrotus,  Agass. 

Nucula  Galeottiana,  Nytt.  Myliobates. 

Prof.  £.  Forbes,  on  my  explaining  to  him  the  relative  abundance 
of  the  shells  in  this  and  most  of  the  incumbent  beds  at  Cassel,  is  of 
opinion  that  they  were  probably  deposited  in  a  depth  of  about  15  fa- 
thoms, or  at  the  lowest  part  of  his  "  perilittoral  zone." 

(8.)  "  Oyster-bed thickness  5  feet.  Yellowish  and  greenish-grey 
sand,  with  great  numbers  of  Ostreat  (O.  flabellula)  dispersed  through  it. 

(9.)  Bed  of  hard  sandstone  with  calcareous  cement;  thickness 
1  foot  6  inches ,  containing 

Nummulites  scaber,  Lami.  Ostrea  flabellula,  Lami. 

Corbula  gallica,  Lami.  Dentalium  strangulatum,  Desk. 

Thracia.  Stomatia. 
Mactra  semisulcata,  Lami.  Melania  marginata,  Lami. 

Tellina.  Fusus  bulbiformis,  Lami. 

Cytherea  laevigata,  Lami.  Buccinum  stromboides,  Herm. 

Lucina  (Loripes)  diTaricata,  Lami.         Rostellaria  fissurella,  Lami. 

Cardium ;  like  C.  discors,  Lamk.   lnacroptera,  Lami. 

Cardium  porulosum,  Brander.  Conus  deperditus  (young)  ?,  Brug. 

Cardita  planicostata,  Lami.  Terebellum. 
Pectunculus.  Asterias. 
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(10.)  "  White  sands ; "  with  three  or  four  layers  of  stone  similar  to 
those  above  described,  each  8  or  1 0  inches  in  thickness,  with  few 
casts  of  shells,  one  of  them  a  cast  of  Lucina  divarieata.  Some  of  the 
sand  snow-white ;  the  lower  8  feet,  in  which  the  sand  is  whitest,  not 
exposed,  but  pierced  by  boring. 

(11.)  "Green  marls"  (t,  figs.  4  &  5)  ;  thickness  12  feet.  Here 
the  continuous  section  ceases,  but  I  have  no  doubt  that  the  green 
marls  and  glauconite  seen  at  a  lower  level  immediately  to  the  north 
(in  an  adjoining  deep  lane,  at  the  distance  of  a  few  hundred  yard* 
only),  and  similar  beds  occurring  to  the  eastward  (in  the  road  leading 
up  the  slope  of  the  Mont  des  Recollets),  are  next  in  the  drarnidiug 
order.  Some  of  this  coarse-grained  sandy  glauconite  is  very  dark- 
coloured,  and  in  parts  very  calcareous.  I  obtained  from  it  the  fol- 
lowing fossils : 

Turbinolia  sulcata,  Lamk. 
Cytherea  laevigata,  Lamk, 

 suberycinoides  ?  Deth. 

Cardium  porulosum,  Broader. 

 ,  another  species. 

Cardita  decussata,  Lamk. 
Pectanculus. 
Ostrea  virgata,  Goldf. 
 flabeUula,  Lamk. 

Between  the  green  fossiliferous  marls  last  mentioned  (t,  figs.  4 
and  5)  and  the  upper  part  of  the  Mont  des  Recollets,  where  there  it 
a  large  deserted  quarry  on  the  western  brow  of  the  hill,  we  may  trace 
in  the  ascending  order  nearly  all  the  beds  already  described,  from 
t,  figs.  4  and  5,  to  the  Bande  noire.  Several  of  the  stony  concre- 
tionary sandstones  are  visible,  and,  overlying  these,  the  Bande  moire 
itself,  with  Ostrea  inflata  and  NummuUte*  variolariu*,  is  very  con- 
spicuous. Above  the  whole  appear  the  glauconiferous  and  ferrugi- 
nous beds  considered  as  "Tongrian"  by  MM.  Dumont  and  Meugy, 
<?,  fig.  4,  and  the  Diest  sand,  B  2. 

There  is  a  large  sand-pit  at  the  south-eastern  base  of  the  Hill  of 
Cassel,  belonging  to  M.  Planoue,  at  a  somewhat  lower  level  than  the 
green  marls  (i)  already  described,  where  a  vertical  section  of  sands 
50  feet  thick  is  laid  open.  Here  several  oblique  shifts  occur,  inter- 
secting the  beds  at  a  high  angle,  one  of  which  nas  thrown  down  some 
of  the  strata  as  much  as  1 2  feet  perpendicularly.  At  the  top  of  the  pit 
are  greenish  and  yellow  sands  without  fossils.  Lower  down  there  are 
from  35  to  40  feet  of  white  and  yellow  sands ;  and  in  some  seams  of  the 
yellow  sands  stained  with  ferruginous  matter,  I  found  numerous  speci- 
mens of  Nummulitcs  hevigatm  and  N.  scaber  in  a  very  decomposed 
state,  so  that  M.  d'Archiac  had  much  difficulty  in  identifying  the 

n'es.  Lastly,  at  the  bottom  of  the  whole  is  a  white  sand,  5  feet 
:,  passing  occasionally  into  a  sandstone  with  casts  of  shells, 
below  which  dark  green  sands  and  glauconite  have  been  pierced  in 
boring.  The  absence  of  the  five  or  six  stony  beds,  y  and  V,  fig.  5,  in 
these  white  sands  of  M.  Planque*s  quarry  makes  it  difficult  to  ima- 
gine that  we  have  here  the  representatives  of  the  same  series  as  in 
Caton's  pit ;  the  difference  of  level  would  not  of  itself  be  a  valid  ar- 


Dentaliom. 

Bifrontia  serrata,  Deak. 
Turritella  multisulcata,  LamJL.  or  inter- 
media? Deck. 

 imfaricataria,  Lamk. 

Sigaretaa  canaliculatua.  Saw. 
Natica  parisienti*,  J/Orh. 
Pleurotoma. 
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moment  to  prove  their  greater  antiquity,  because  a  fault  may  have 
thrown  them  down.  I  am  rather  of  opinion  that  the  beds  of  the 
quarry  are  older  than  the  green  marls  or  shelly  glauconite,  t,  figs.  4 
and  5. 

The  following  are  the  fossils  found  by  me  in  the  sandstone  : — 

Fossils  of  the  Sand-pit  at  the  south-east  base  of  the  Hill  of  Cassel, 
or  Planque's  quarry. 

Lmralites.  Ostrea  cymbula,  Lamk. 

Solen.  Vermetus  Bognorensis  ?,  Sow.,  or  Nystii  ? 

Panopaea  intermedia  ?,  Sow.  Trochus  agglutinans,  Lamk. 

Corbola.  Phortu  Parisiensis,  D'Orb. 

Mactra  semisulcata  ?  Lamk.  Turritellfu 

Lutina  divaricata,  Lamk.  Natica  patula,  Desk. 

 mutabilis,  Lamk.  Bulla  ? 

Cytherea  laevigata,  Lamk.  Fusus. 

 ;  allied  to  C.  nitidula,  Lamk.  Rostellaria  macroptera,  Lamk. 

Cardium  porulosum,  Brander.  Voluta,  two  species. 

 ;  like  C.  discort,  Lamk.  Terebellum(Seraph8)conyolutum,Z^nwit. 

Cardita  planicostata,  Lamk.  Lenita  patelloides,  E.  Forbes. 
Nucnla  margaritacea,  Lamk.  NucUeoUtet  pateUoides,  Galeotti. 

Pectunculua ;  large  species.  Asterias. 
Limopsis  ?                                  "  Myliobates. 

Ostrea  flabellula,  Lamk.  Lamna. 

These  fossils  show  clearly  that  we  have  here  such  an  assemblage  as 
belongs  to  the  beds  which  in  England  and  France  contain  Num- 
mulites  Umgatus. 

After  examining  the  numerous  sections  exposed  in  other  parts  of 
the  Hill  of  Cassel,  I  could  find  no  fossiliferous  strata  older  than  those 
above  enumerated.  Next  to  the  sands  already  mentioned  are  green 
and  yellowish  sands  and  clays,  which  form  the  upper  part  of  the 
Systhne  Tpresien  of  Dumont,  but  in  which  I  could  not  detect  the 
usual  fossil,  Nummulites  planulatus. 

Still  lower,  a  vast  thickness  of  brown  clay  (F  1,  fig.  4),  correspond- 
ing to  the  London  Clay,  has  been  bored  at  the  railway  station  to  the 
depth  of  100  metres,  or  320  English  feet,  without  the  bottom  being 
reached. 

In  naming  the  above  fossils  of  Cassel,  a  great  part  of  which  are 
unfortunately  in  the  state  of  casts,  I  had  the  advantage  of  M.  Nyst's 
assistance,  whose  collection  of  Belgian  species  is  most  extensive  and 
whose  palttontological  skill  is  well  known.  In  comparing  them  since 
with  British  fossils,  I  have  been  assisted  by  Mr.  Morris.  A  general 
list  of  the  whole  is  given  in  Table  XIII.  p.  351,  where  two  columns 
are  devoted  to  them,  entitled  "  Upper "  and  "  Lower."  The 
"  Upper  "  column  refers  to  those  shells  of  the  Hills  of  Mont  Noir 
and  Cassel  which  belong  to  strata  decidedly  above  the  "  Nummulites 
Umngatus  bed."  The  "Lower"  refers  to  the  Cassel  shells  which 
belong  to  the  bed  last  mentioned,  and  to  the  other  fossiliferous  strata 
of  sand  and  green  marls  above  enumerated  as  occurring  in  the  Hill  of 
Cassel. 

I  have  omitted  the  Boeschepe  shells  in  Table  XIII.,  as  their  posi- 
tion was  not  positively  ascertained,  although,  for  reasons  before  stated, 
I  should  place  them  in  the  "  Upper  "  column. 
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2.  Middle  Eocene  Strata  of  Brussels. 

[1.]  Laeken  beds.    Dileghem,  Jette,  Laden,  &e. 

I  shall  now  pass  to  the  neighbourhood  of  Brussels,  the  most  im- 
portant of  the  districts  after  Cassel,  where  I  had  an  opportunity  of 
studying  the  Middle  Eocene  strata.  The  capital  of  Belgium  is  distant 
from  Cassel  about  seventy-five  English  miles,  in  a  straight  fine  due 
east.  In  exploring  its  environs  I  had  the  great  advantage  of  being 
accompanied  by  my  friend  Captain  Le  Hon,  who  had  made  a  fine 
collection  of  tertiary  fossils,  and  whose  accurate  knowledge  of  pahr 
ontology  enabled  him  to  render  me  the  greatest  assistance.  We  nailed 
together  most  of  the  localities  which  I  shall  have  to  mention.  If. 
Deny  also  of  Brussels  accompanied  us  in  many  of  our  excursion*,  and 
gave  us  much  information  respecting  the  geological  structure  of  the 
country. 

The  general  level  above  the  sea  of  the  higher  grounds  or  table-lands 
round  Brussels  is  about  300  feet,  the  valleys  which  intersect  them 
cutting  to  the  depth  of  200  feet  and  upwards,  so  as  to  descend  to 
within  60  and  70  feet  of  the  sea-level.  On  the  highest  grounds,  and 
at  many  intervening  elevations,  loess  is  found  (see  Section,  fig.  6). 


Fig.  6.— Section  near  Dileghew^  two  miles  N.N.  W.  of  Brussels, 


*.  Bed  of  roUod  flint-pebbta. 

Thus,  near  Dileghem,  two  miles  N.N.W.  of  Brussels  (Map,  fig.  5, 
PI.  XVII.),  it  may  be  seen  crowning  the  elevated  platform  (fig.  6,  A). 
Next  in  order  iron-sandstone  and  green  sands,  exactly  resembling 
those  of  Diest  (B.  2.  fig.  6),  about  10  feet  thick,  below  which  k  a 
bed  of  well-rolled  flint-pebbles  (or,  fig.  6).  Under  this,  yellow  ferru- 
ginous sands  (yt  fig.  6),  with  hydrate  of  iron  and  green  sands,  30  feet 
thick,  and  without  shells,  succeed.  I  had  no  means  of  dVtenmaing 
their  age,  whether  they  are  contemporaneous  with  the  beds  of  Mont 
Noir  near  Cassel,  before  described  as  containing  Middle  Eocene  tennis, 
or  whether  they  are  part  of  the  Limburg  series,  as  I  was  assured  by 
several  Belgian  geologists. 

At  a  somewhat  lower  level,  sands,  containing  unquestionable  Eocene 
fossils,  are  seen  in  the  fields  at  the  points  marked  A.  and  B.  in  Map, 
fig.  3,  PI.  XVII.,  but  their  contact  with  the  incumbent  beds,  y,  fia\fc, 
is  not  exposed.  Scattered  over  these  fields,  which  are  often  called 
^differently  "  Jette"  and  "  Laeken"  by  collectors  of  fossfls,  and  afao 
in  a  sand-pit  from  which  shelly  matter  had  been  extracted  liar  agri- 
cultural purposes,  I  found  Cytherea  suberycinoides,  Peeten  emmus, 
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Scalaria  spirata,  and  Nummulites  variolarius.  The  fossils  obtained 
from  the  same  beds  by  Captain  Le  Hon  amount  to  the  number  of  76, 
and  are  enumerated  in  the  column  "  Upper  Brussels,"  Table  XIII. 
p.  351.  The  following  twenty  species  are  among  the  more  common, 
and  the  numbers  appended,  as  furnished  by  Captain  Le  Hon,  express 
their  relative  abundance. 


Operculina  Orbignyi   

Dactylopora  cylindracea  ? 

Corbula  rugosa  ?  

 pisum   

Crassatella  trigonata   

Lucina  Galeottiana  

Venus  nitidula  ?   

Astarte  Nystiana  

Cardium  semigranulatum 
Cardita  elegans   


Pectunculua  pulvinatus   

Stalagmium  Nystii  

Pectcn  imbricatus  ?  

  corneus   

Dentalium  substriatum   

Vermetus  (Solarium)  Nystii 

Turritella  granulosa   

Bulla  lignaria  

Natica  glaucinoides  

Scalaria  spirata   


From  these  data  Professor  E.  Forbes  infers  that  the  deposit  took 
place  either  in  the  lowest  part  of  the  perilittoral  zone  or  the  upper 
division  of  the  median  zone,  perhaps  in  20  fathoms  water. 

The  strata  of  greenish  and  yellowish  sands  from  which  these  shells 
were  derived  are  from  10  to  15  feet  thick,  where  I  saw  them  exposed. 
At  other  points  near  Dileghem,  nodular  sandstone  occurs,  containing 
casts  of  shells,  some  of  which  were  collected  by  M.  D4by  many  years 
ago  in  pits  no  longer  open.  The  specimens  which  he  presented  to 
me  contained  Nummulites  variolarius,  together  with  casts  of  Lucina 
globosa  and  Pectunculus  pulvinatus. 

What  I  had  seen  at  Cassel  before  my  arrival  at  Brussels,  and  an 
examination  of  the  section  between  Lille  and  Mons-en-Pevelle,  which 
I  shall  mention  in  the  sequel,  had  led  me  to  conclude  that  the  strata 
intervening  between  the  Limburg  series  and  the  "  London  Clay 
proper"  might  be  conveniently  divided  into  three  groups,  distin- 
guished among  other  characters  by  three  different  species  of  Num- 
mulites,— N.  variolarius,  N  kevigatus,  and  N  planulatus.  When 
I  adopted  this  classification,  I  was  not  aware,  or  had  forgotten,  that 
the  superposition  of  these  three  species  in  the  order  here  assigned  had 
been  already  recognized  in  the  North  of  France,  in  1842,  by  M. 
d'Archiac  in  his  paper  on  the  Department  of  the  Aisne  (Mem.  de 
la  Soc.  Geol.  de  France,  torn.  v.).  After  my  return  from  Belgium, 
when  visiting  Cuisse-Lamotte  near  Compiegne  in  France,  I  saw  the 
shelly  sands  called  "sables  infMeurs"  with  Nummulites  planulatus, 
surmounted  by  a  nummulitic  limestone,  full  of  N  Uevigatus  and  N 
scaber,  which  is  used  as  a  building-stone  at  Mont  Ganelon  near  Com- 
piegne and  other  neighbouring  places.  Again,  at  Auvers,  near  Pon- 
toise,  north  of  Paris,  I  saw  the  lower  calcaire  grassier  (or  glauconie 
grossihre),  containing  Nummulites  lavigatus,  and  overlaid  by  sands 
(sables  moyens  ox  grits  de  Beauchamp)  abounding  in  N.  variolarius*. 

*  Since  my  return  from  Brussels,  M.  d'Archiac  has  shown  me,  in  a  collection  of 
fossils  from  Jette,  a  Nummulite  which  he  could  not  distinguish  from  N.  planulatus, 
mixed  with  N.  variolarius.  If  the  former  species  should  be  found  to  have  endured 
down  to  the  period  of  the  "  Laeken  beds,"  its  occurrence  in  them  still  appears  to 
be  an  exception  to  the  rule. 

I  must  here  take  the  opportunity  of  making  a  few  remarks  on  the  distribution 
of  the  three  species  of  Nummulites,  which  are  noticed  in  the  text,  in  the  English 

z 


334 


PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.       [May  19 


After  examining  with  Captain  Le  Hon  the  principal  points  where 
he  had  collected  tertiary  fossils  in  the  neighbourhood  of  Brack,  I 

Table  XII.  and  Fig.  7.— Subdivisions  of  the  Middle  Eocene  Strmtm 
near  Brussels. 

  Thickness. 

  ft.  ft. 

L   Laeken  beds.   It  to  IS  E 1-  Table  I-  »w  X% 


Upper  Brussels  sands,  with  c 
casional  calcareous  coocre-  vat 


III. 


IV. 


Nummuiitet  Unigvhu  bed  ....  S 
Middle  Brussels  sands,  fosaili- 
fcrous,  with  calcareous  con- 


mo 

an-  VIS 


Lower  Bmssels  sands,  with"* 
sandstone  concretions,  non-  (^^^ 


ES-TaJhstL 


Silioeoas  sand;  without  fossik. .  4t7 

~I  Rock  with  Num.  plamuUhu  ..   t  1 

land  with  sandstone  and  casts \    Un-  VKS,  Table  L 

of  shells  /koowm.  J 


found  it  easy,  with  the  aid  of  his  museum,  to  subdivide  the  strata  in 

Eocene  beds, — a  subject  that  has  not  as  yet  been  satisfactorily  treated,  bat  to  waxes 
the  elucidation  of  which  I  have  to  offer  the  fallowing  facts : — 

With  Mr.  Prestwich's  kind  assistance  Mr.  T.  Rupert  Jones  has  been  enabled  to 
examine  the  typical  specimens  of  the  Ntimrauiitea  referred  to  in  the  list  i 
scription  of  the  strata  of  the  Alum  Bay  and  White  Cliff  Bay  Sections, 
in  1846  (Quart.  Journ.  GeoL  Soc.  vol.  ii.  p.  252  ef  sty .  and  Pt  IX.) ;  aw 
led  to  the  correction  of  some  of  the  specific  names  there  assigned  to  the  Nsssssntv 
lites  in  question.  By  this  examination  Mr.  Jones  has  found  that  ia  bed  No.  1 1  ef 
the  White  Cliff  Bay  Section  (i.e.  in  the  equivalent  of  part  of  the  Brartlrissnei 
series),  NummuUte*  variolarhts  (miscalled  N.  efcyent,  he.  eii.  p.  254)  occurs  with 
N.  Unrigatui  and  JV.  wti&r,— species  which  occur  in  two  beds  in  contact  with 
each  other  at  Cassel,  as  above  stated  (see  p.  329).  In  beds  12  to  14,  still  higher 
in  the  series,  N.  Utvigatut  and  N.  sewier  alone  occur  (as  is  also  the  case  at  Brackfe- 
sham) ;  and  yet  higher,  in  bed  No.  16  (probably  a  member  of  the  Bartosi  gross*), 
N.  variolarnu  (misnamed  N.  efcyent,  he.  eii.)  occurs  by  itself,  as  in  the  «aner- 
most  division  of  the  Nummulitic  Eocene  of  France  and  Belgium.  In  the  Bartoa 
Clay  also  (of  Barton  Cliff)  N.  variolariu*  is  known  to  occur  in  great  plenty  and 
by  itself,  as  well  as  at  Stubbtngton. 

There  is  also  an  important  correction  to  be  made  in  the  list  of  fossils  acosssv 
panying  the  description  of  the  Alum  Bay  strata,  loc.  eii.  p.  257,  where  two  Nassv 
mulites  are  given  as  occurring  in  bed  No.  29  (generally  acknowledged  to  be  the 
equivalent  of  the  Barton  beds).  The  specimens  in  Mr.  Prestwich's  collection,  en 
re-examination,  prove  not  to  be,  as  there  stated,  N.  fsnaswim  and  S\  rfrs— hnt 
one  form  only,  and  that  hitherto  ondescribed.  This  little  Nmnmnlste  possesses 
characters  distinct  from  those  of  A.  variolarimM,  and  somewhat  approaches  .Y.essv 
amia/tu.  In  this  circumstance  we  are  reminded  of  the  simOarty  aaoaiasotji  peaW 
tion  of  the  NummuHttt  pkamkhu,  var.  ?  in  the  highest  part  of  the  ficsgsna  Nsan- 
mulitic  Eocene,  at  Jette,  as  above  noticed. 

I  have  elsewhere  referred  (p.  350,  note)  to  the  existence  of  &  jftJawsjaaJav  (X 
ettfmu, '  Min.  Conch.')  at  Emsworth,  uear  Chichester.  I  may  add  that  the  reek- 
specimen  in  which  it  occurs  is  a  siliceous  grit,  containing  the  Nsanralite  km  great 
numbers,  together  with  casts  of  small  gasteropoda  and  btvalvea. 
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the  same  manner  as  at  Cassel  and  Lille.  There  are,  however,  such 
rapid  changes  in  the  mineral  character  of  the  sands  of  the  Brussels 
district,  even  at  short  distances,  that  it  would  he  endless  to  attempt 
to  describe  them  all.  The  groups  enumerated  in  Table  XII.  must 
simply  be  understood  as  expressing  some  of  the  more  marked  litho- 
logical  and  palseontological  divisions. 

The  Laeken  beds,  Table  XII.  I.,  and  E.  1.  of  Table  I.,  already 
alluded  to  as  occurring  to  the  north  of  Brussels,  are  again  found  about 
two  miles  to  the  south  of  the  city,  on  the  road-side  between  St.  Gilles 
and  For&t,  on  ascending  to  the  higher  grounds  at  the  point  C,  Map, 
fig.  3,  PI.  XVII.  They  there  consist  of  greenish  sands,  about  10  feet 
thick,  which  are  considered  by  Captain  Le  Hon  as  the  lowest  part  of 
the  Laeken  beds.    In  these  I  found 

Nummnlites  variolarius,  Lamk.  Pectcn  plebeias  ?,  Lamk. 

Turbinolia  Nrstiana,  Haime.  Anomia  laevigata,  Sow. 

Lunulites  radiatus  ?  Lamk.  Ostrea  flabelluia,  Lamk. 

Corbula  pisum,  Sow.  Dentalium  Deshayesianum,  Galeotti. 

Cypricardia  pectinifera,  Morrit.  Turritella  granulosa,  Deth. 

Nucula  margariiacea  ?  Martini.  Echinocyamu*  propinquus,  Galeotti,  sp. 

The  position  of  these  beds  to  the  south  of  Brussels  may  be  seen  at 
£.  1,  fig.  8,  where  they  are  covered  by  ferruginous  sands  without 
fossils  (y),  probably  of  the  same  age  as  those  at*y  in  Section  fig.  6. 

[2.]  Brussels  beds,  or  Middle  Nummulitic.    Upper  Brussels  Sands. 

Next  below  the  Laeken  beds  come  those  strata  which  are  com- 
monly called  "Bruxellian"  by  the  Belgian  geologists,  and  which 
correspond  to  E.  2  of  Table  I.  p.  279,  and  to  II.  a  &  6,  Table  XII. 
They  consist  of  the  Upper  Brussels  Sands,  with  a  bed  containing 
Nummulites  Uevigatus  at  the  base.  The  chief  points  where  fossils 
have  been  obtained  in  them  are  the  following : — 

(1.)  St.  Gilles.  Chaussie  Louise  (D.  Map,  fig.  3,  PI.  XVII.). 

In  the  southern  suburb  of  Brussels,  on  the  side  of  the  high-road  called 
Chaussee  Louise,  greenish  sands  are  seen,  which  are  from  15  to  20 
feet  thick  at  the  point  D  of  the  Map,  fig.  3,  PI.  XVII.,  and  exhibit 
two  or  three  layers  of  large  flattened  concretions  of  sandstone,  which 
effervesce  with  acids.  The  following  fossils  in  Captain  Le  Hon's  col- 
lection were  obtained  from  this  spot : — 

*NummulHes  laevigatas,]  in  a  bed  at    *08trea flabellula, Lamk.t  and O.  vir- 

Lamk.  V    the  base  of       gata,  Goltf. 

*  scaber,  Lamk.     J    the  section.  *Dentalium  Deshayesiannm,  Gal. 

Membranopora.  *Spatangus  Omalii,  GaL 

♦Lichenopora.  *Ecbinolampas  affinis  ?,  Goldf. 

*Orbitolitea  complanatos,  Lamk.  *Lenita  patelloides,  Galeotti,  sp. 

•Lunulites  radiatas  ?,  Lamk.  Nucleolites  approximatus,  Gaieottu 

*ldmonea  triquetra,  Lamx.  *Cidarites  ?,  sp.  nov. 

♦Gastrochaena.  *Echinocyamus  propinqtins,  GaL 

♦Pecten  plebeios,  Lamk.  *Scutellina  rotunda,  Gal. 

 corneas,  Sow.  Cancer  Burtini  ?,  claws  of. 

•Anomia  lasvigata,  Sow.   ,  smaller  species. 

Lamna,  teeth  of 

The  species  marked  with  *  occur  also  at  the  Distillery ;  vide  infra. 

Z  2 
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(2.)  St.  Gilles.  Fabrique  tfeau  forte  (E.  Map,  fig.  3,  PI.  XVII., 
and  Section,  fig.  8). 

Another  locality  where  the  upper  Brussels  sands  immediately 
below  the  Laeken  beds  are  seen  with  the  Nummulites  Uevigatus  bed 
at  their  base,  is  in  the  suburb  called  St.  Gilles,  at  the  Distillery  "  Fa- 
brique d'eau  forte,"  on  the  high-road  to  Waterloo.  The  fossils  which 
I  collected  there,  or  which  are  in  Captain  Le  Hon' a  cabinet,  are  first 
the  seventeen  species  to  which  an  asterisk  is  prefixed  in  the  preceding 
list,  and  in  addition,  the  two  following : — 

Scalaria,  allied  to  8.  tpirata ;  perhaps  a  variety. 
Coelorhynchos  rectus,  Ago*,  (found  by  M.  Nyst). 

The  bed  {Nummulites  Uevigatus  bed)  on  which  the  sands  above- 
described  repose  at  the  "  Fabrique  d'eau  forte,"  is  full  of  a  prodigious 
quantity  of  fish-teeth,  much  rolled,  of  the  genera  Lamna,  Otodus, 
Afyliobates,  Ceelorhynchus,  and  Edaphodon,  mixed  with  fragments 
of  Asterias. 

Among  the  fossil  teeth  in  Captain  Le  Hon's  collection,  found  at  this 
spot,  and  in  the  same  Nummulite-bed  at  several  places  in  the  neigh- 
bourhood, I  have  recognized  the  following  species : — 

Fossil  Fish  in  the  gravelly  bed  with  Nummulites  Uevigatus. 

Lamna  elegans,  Ag. 
Otodus  obkquus  ?,  Ag. 

Pristis,  resembling  that  figured  in  Diion's  '  Fobs.  Suss./  pL  10.  fig.  6. 
Myliobatea  Dixoni,  Ag.  Dixon,  pi.  10.  fig.  2,  and  pi.  12.  fig.  3. 

 striates,  Ag.  Dixon,  pL  12.  fig.  2. 

Edaphodon  Bncklandi.  Dixon,  pi.  10.  fig.  21. 

Saurian  from  the  Num.  Uevigatus  bed. 
Gavialis  Dixoni  ?,  Owen,  Dixon,  pi.  12.  fig.  24. 

A  single  tooth,  much  resembling  the  figure  above  cited  (a  Saurian 
from  the  Eocene  deposits  of  Bracklesham),  was  found  by  Captain 
Le  Hon  with  the  fish-teeth. 

From  the  data  supplied  by  Captain  Le  Hon  respecting  the  relative 
abundance  of  the  Echinoderms  and  Molluscs  in  the  Nummulites  Uevi- 
gatus bed  at  this  point,  and  in  some  other  adjacent  localities,  Prof. 
Forbes  infers  the  depth  of  the  water  to  have  been  about  1 5  fathoms. 

I  observed  at  the  same  spot  at  St.  Gilles  a  remarkable  proof  of 
the  denudation  of  the  underlying  Eocene  beds  previously  to  the  for- 
mation of  the  Nummulites  Uevigatus  bed.  A  cast  of  Rostellaria 
ampla  in  a  siliceous  sandstone  accompanies  the  Nummulites,  and  on 
some  of  the  whorls  (the  shell  itself  naving  wholly  disappeared)  are 
seen  two  species  of  Bryozoa  (Escharina  and  another)  adherent.  The 
small  cells  as  well  as  their  bases  remain,  and  it  is  clear  that  they 
originally  covered  the  surface  of  the  cast  after  the  shell  itself  had 
been  dissolved. 

(3.)  St.  Gilles.  Fort  Monterey  (F.  Map,  fig.  3,  PI.  XVII.). 
In  the  parish  of  St.  Gilles,  near  Fort  Monterey,  in  a  pit  not  far 
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from  the  toll-gate  (where  the  road  goes  off  to  ForSt),  the  nmamm  of 
a  Nautilus  (probably  N.  Bur  tint),  with  a  cast  of  a  large  CrammtHU, 
a  Tellina,  and  several  of  the  shells  mentioned  in  the  former  lists* 
occur,  with  Nummulites  Uetngatu*. 

(4.)  Leslies.  Southeast  suburb  of  Brussels  (Map,  fig.  3,  PL  XYTL, 
and  Section,  fig.  8). 

In  a  quarry  at  IxeHes,  the  same  Nummulite-bed  has  afforded  the 

following  species  :— 

Nummulites  levigates,  Lamk.  Bulla, 

 scaber,  Lamk.  Nautilus,  maudihlft  ot 

Cardita  planicostata,  Lamk.  Atteriat  (Goaiaster  porifcoades?- 

Pecten  plebeius,  Lamk, 


,  another  species.  Otodus. 

Ostrea  carioaa,  Deak.  Galeooardo. 

 fiabellula,  Lamk.  Mjtiobatea. 

Terebratula  Kickxii,  OaL  Prittia  Lathami,  GmL 

Roetellaria  ampla,  Broader.  Ccdorfaynofaus  rectus  ?,  A§. 

(5.)  Etterbeeh,  two  miles  east  of  Brussels  (Map,  fig.  3,  PL  XVII.). 

In  a  road-side  ouarry  which  I  visited  with  Captain  Le  Hon,  bttwusi 
Etterbeek  and  Woluwe-St.-Pierre,  at  the  point  G,  Map,  fig.  3, 
PI.  XVII.,  we  observed  the  Nummulites  Uevigatus  not  forming  a 
distinct  bed,  as  usual,  but  disseminated  through  sands  which  oos>- 
tained  the  following  fossils  :— 

Nummulites  Uevigatus,  Lamk.  Oatrea  carioaa,  Dmh. 

 scaber,  Lamk.   virgata,  Goty. 

Orbitolites  complanatui,  Lamk.   flabeUola,  Lamk, 

Fluttra  contexta  ?,  Mick.  —  cymbula,  Lamk. 

Bryoxoon,  small  and  branched.   ,  so.  nov. 

Serpula,  allied  to  S.  triqutlra.  Terebratula  Kickxii*  GmL 

— - ,  two  other  species.  Crania  Uoeninghausii,  MkktmttL 

Gastrochsna.  Dentatium  (Ditrupa)  Deahayi 
Pecten  plebeius  ?,  Lamk.  OaL 

Spondylus.  Asteriaa  (Goaiatter  poritoidea?,  DmmLy. 

Anomia  Uevigata,  Sow.  Echinolampas  aSfaua  ?,  GamY^  ap. 

Oatrea  inflata,  Deth.  Spatangus  Omalii,  GmL 

—  gryphina,  Deth.  Coelorhvnehua  rectus,  A$. 

(6.)  Dieghem,  seven  miles  north-east  of  Brussels. 

It  will  be  seen  by  reference  to  Section,  fig,  8,  p.  336,  that  the  city 
of  Brussels  stands,  for  the  most  part,  on  the  beds  which  are  next 
below  that  containing  Nummulites  Uevigatus ;  but  in  fblkrwmc  the 
line  of  section  (I,  K,  Map,  fig.  3,  PI.  XVII.  and  fig.  8)  to  Diesjheaa, 
seven  miles  north-east  of  Brussels,  this  bed  is  exposed  to  view  m  the 
quarries  there  with  the  usual  fossils,  although  its  thickness  does  not 
exceed  2  feet.  It  is  for  the  most  part  covered  immediately  with  white 
calcareous  sand,  belonging  to  the  beds  £,  which,  like  the  Nununuhte* 
bed,  have  been  much  denuded.  Over  both  are  newer  yellow  sands 
and  pebbly  beds,  the  age  of  which  I  could  not  determine  for  want  of 
organic  remains.   The  manner  in  which  the  nummulitic  bed,  and  the 
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Eocene  strata  immediately  overlying  and  underlying  it,  have  suffered 
denudation  (sometimes  to  the  depth  of  20  and  25  feet),  is  shown  in 
the  annexed  diagram. 

Fig.  9. — Section  at  Dieghem,  seven  miles  N.E.  of  Brussels. 
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1.  Siliceous  sand  with  Uren  of  grotto-stones,      3.  Numrnuttta  Unigatut  bed,  with  Crania, 

E  9,  Table  I.,  or  III.  b,  Table  XII.  4.  White  sand,  II.  a,  Table  XII. 

S.  SOieeooa  schist  or  tripoli.  5.  Newer  sands,  25  feet  thick. 

All  the  peculiar  characters  of  the  Nummulite-bed,  already  described 
as  belonging  to  it  round  Brussels,  are  repeated  in  this  quarry.  It 
may  be  termed  a  gravel-bed,  with  quartz-sand,  pebbles,  and  rolled 
fragments  (generally  small,  but  occasionally  of  a  large  size)  of  a  rock 
formed  of  aggregated  remains  of  Nummulites  Icevigatus,  which  after 
having  been  consolidated  must  have  been  broken  up.  On  these 
fragments  partially  rounded,  and  often  several  inches  in  diameter, 
are  numerous  adhering  shells,  of  the  genera  Ostrea,  Spondylus,  and 
Crania,  also  Serpulce  and  several  Bryozoa  attached  to  pebbles  or  to 
the  valves  of  molluscs.  Terebratula  Kickxii  likewise  occurs  in  this 
bed,  but  no  univalve  shells.  The  presence  of  the  Crania,  so  rare  in 
tertiary  strata,  is  interesting.  The  same  shell  had  been  observed 
hj  Captain  Le  Hon  at  Etterbeek,  as  already  mentioned,  before  I 
visited  Dieghem.  Mr.  Davidson  considers  this  species  inseparable 
from  Crania  Ho'&ningJiausii  of  Michelotti*.  The  shells  are  of  the 
same  size,  and,  although  his  figures  are  small,  they  offer  the  same 
characters  as  the  Belgian  shell,  which,  Mr.  Davidson  remarks,  is  less 
conical  than  D'Orbigny's  Crania  cenomanensis,  which  it  most  resem- 
bles. Whether  the  tertiary  beds  at  Turin,  from  which  Michelotti  ob- 
tained his  specimen,  agree  in  age  with  those  of  Brussels,  I  cannot 
decide. 

A  magnified  representation  of  this  Crania  is  given  in  PI.  XVIII. 
fig.  8,  and  the  following  description  has  been  drawn  up  by  my  friend 
Mr.  Davidson. 

Crania  Hoeninghausii,  Michelotti,  1847.  [PL  XVIII.  fig.  8.] 
Shell  irregular,  insequivalve,  transversely  oval,  slightly  conical, 

*  Hill  of  Turin.  Fossiles  des  Terrains  Miocenes  de  l'ltalie  Septent.  1847, 
p.  79,  pi.  2.  fig.  23,  24. 
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patelliform,  depressed;  vertex  almost  central;  surface  exteriorly 
unequal  and  rugose.  Interior  of  upper  valve  (the  only  one  known) 
concave,  margin  narrow,  granulatea.  Fonr  muscular  imp rr lions ; 
the  posterior  ones  are  more  or  less  circular,  lying  close  to  the  inner 
edge  of  the  granulated  margin,  and  separated  from  each  other  by  a 
flat  space  not  equal  in  size  to  one  of  the  muscular  impressions ;  the 
anterior  pair  are  irregularly  oval,  diverging  from  near  the  centre  to- 
wards the  posterior  lateral  margin:  a  slight  prominence  existing 
before  the  central  pair.  Vascular  impressions  not  well  defined. 
Structure  punctuated.  Length  4  lines.  Breadth  4  J  lines.  Depth 
1  line. 

Locality.  Eocene  beds  of  Dieghem,  near  Brussels,  and  in  the  beds 
of  the  Hill  of  Turin. 

Fossil  Echinoderms. 

In  the  foregoing  lists  of  fossils  from  the  Upper  Brussels  sands,  the 
names  of  six  species  of  Echinoderms  have  been  enumerated  ;  and  I 
have  mentioned,  besides,  the  Echinolampas  Galeottianus,  as  found  a 
few  feet  above  the  Nummulite-bed  at  Cassel.  Excepting  E.  mjbd*  f, 
figures  of  all  these  are  given  in  PI.  VIII.  i  and  Professor  E.  Forbes 
has  had  the  kindness  to  draw  up  the  following  descriptions. 

Note  on  the  Eocene  Echinoderms  procured  by  Sir  Chaelxs 
Lyell  in  Belgium.    By  Professor  E.  Forres,  F.R.S.,  F.G.S. 

In  M.  Galeotti's  Memoir  on  the  Geology  of  Brabant,  he  enu- 
merates eight  species  of  fossil  sea-urchins,  and  figures  seven  of  then 
as  new,  but  without  detailed  descriptions.  The  figures  are  very 
slight,  and,  in  the  present  state  of  the  subject,  insufficient.  Additional 
representations  of  these  interesting  fossils  are,  therefore,  much  to  be 
desired,  and  some  additional  information  respecting  their  characters 
cannot  fail  to  prove  useful. 

Sir  Charles  Lyell  has  submitted  to  my  examination  seven  tertiarv 
Sea-urchins  from  Belgium  (exclusive  of  Echinolampas  affinis  f).  A& 
but  one  among  these  appear  to  be  identical  with  Galeotti's  species. 
They  are  represented  in  PI.  VIII.  of  this  volume. 

Echinolampas  Galeottianus,  n.  sp.   PI.  VIII.  fig.  1, «,  6,  c. 

These  figures  represent  an  Echinolampas  not  included  in  Gakottf  s 
list.  It  was  found  in  abundance  by  Sir  Charles  Lyell  in  the  iiill  of 
Cassel,  near  Dunkirk,  and  named  for  him  by  some  of  the  Belgian 
naturalists,  Clypeaster  (i.  e.  Echinolampas)  affinis  of  Goldfuss.  It 
differs  in  some  material  points  from  the  figure  of  that  species  in  the 
*  Pet  jt  facta  Germanise,'  and,  as  several  very  perfect  specimens  hare 
bet  n  submitted  to  my  examination,  all  of  which  exhibit  the  same 
fixtures,  I  feel  warranted  in  regarding  them  as  examples  of  a  distinct 
form  of  this  genus,  and  to  which,  as  the  species  appears  to  be  unde- 
fcribed,  I  would  assign  the  name  of  Echinolampas  Galeottianus. 

A  large  example  measures  2}  inches  in  length  by  2Aths  in  breadth. 
It*  greatest  thickness  (somewhat  in  front  of  the  apex)  is  fjjths  of  an 


1652.] 


LYBLL — BELGIAN  TERTIARY  FORMATIONS. 


341 


inch.  Above  it  is  reeularly  convex,  with  the  apex  eccentric  and 
an  teal.  In  front  of  the  apex,  the  an  teal  ambulacral  region  is  de- 
clining and  depressed,  but  forms  a  tumid  curve  before  reaching  the 
margin.  Behind  it  the  back  rises  gradually  and  describes  a  regularly 
swelling  but  rapidly  declining  curve,  until  it  reaches  the  posterior 
margin.  The  ambulacral  petals  of  the  back  are  lanceolate ;  that  of 
the  an  teal  ambulacrum  is  nearly  symmetrical ;  the  lateral  ones  are 
slightly  inequilateral ;  the  posterolaterals  are  slightly  longer  than  the 
anterolaterals.  They  diverge  at  a  considerable  angle,  and  their 
extremities  do  not  approach  the  margin  so  nearly  as  those  of  the 
anterolaterals.  There  are  about  fifty-two  pairs  of  pores  in  each  row 
in  the  an  teal  ambulacrum,  and  seventy  or  more  in  the  lateral.  They 
are  placed  in  very  slight  depressions,  and  the  pores  are  connected  by 
grooves,  separated  by  narrow  granulated  ridges.  The  whole  surface 
of  the  test  above  and  below  is  studded  with  nearly  equal  minute  tu- 
bercles, lodged  in  areolae.  The  mouth  is  very  eccentric,  and  the 
buccal  ambulacra  are  separated  by  swellings  of  the  test.  The  vent  is 
infra-marginal  and  transversely  ovate. 

It  differs -from  Echinolampas  affinis  in  having  a  compressed  (not 
tumid)  margin,  in  regularly  declining  with  a  gentle  curve  in  its  pos- 
terior region,  and  in  having  its  mouth  much  more  eccentric. 

Echinolampas  affinis  ?,  Goldf.  sp.  [Not  figured.] 

A  specimen  of  Echinolampas,  from  the  neighbourhood  of  Brussels, 
was  presented  to  Sir  C.  Lyell  by  Captain  Le  Hon,  with  the  name  of 
Galerites  oralis ;  this  may,  perhaps,  prove  to  be  the  Clypeaster  affinis 
of  Goldfuss. 

Echinolampas  Dekini,  Galeotti,  sp.    PI.  VIII.  fig.  2,  a,  b,  c. 

This  is  the  Galerites  Dekini  of  Galeotti,  pi.  4.  b,  Suppl.,  fig.  10. 
It  is  a  good  species,  with  a  tumid  test,  much  swollen  throughout  the 
posteal  region.  Its  apex  is  very  eccentric.  The  petals  are  lanceolate 
and  not  strongly  marked ;  the  two  postero-laterals  are  longest.  The 
tuberculation  of  the  surface  is  equal  and  minute.  The  mouth  and  vent 
are  both  transverse ;  the  former  eccentric  and  lodged  in  a  depressed 
area,  with  tumidities  surrounding  it.  The  figure  represents  this  spe- 
cimen of  the  natural  size. 

Nucleolites  approximate,  Galeotti.  PI.  VIII.  fig.  3,  a,  b,  c. 

The  specimen  of  this  rare  fossil  is  unfortunately  in  bad  condition. 
It  appears  to  be  a  true  Nucleolites  and  is  exceedingly  interesting, 
since  it  is  the  only  tertiary  example  of  the  genus  with  which  I  am 
acquainted  having  an  anal  groove ;  it  thereby  in  some  respects  helps 
to  fill  up  the  gap  between  the  cretaceous  Nucleolites  of  this  division 
and  the  unique  existing  Nucleolites  recens  of  the  seas  of  New  Holland. 

Echinocyamus  propinquus,  Galeotti.    PI.  VIII.  fig.  4,  a,  b,  c. 

This  appears  to  be  a  good  species,  but  in  this  genus  it  is  very  diffi- 
cult to  find  good  characters.  The  position  of  the  vent,  away  from 
the  margin,  reminds  us  of  the  existing  Echinocyamus  pusillus. 
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Scutellina  rotunda,  Galeotti,  sp.    PL  VIII.  fig.  5,  «,  A,  e. 

This  is  Nucleolites  rotundus  of  Galeotti.  It  is  a  species  of  Sm- 
tellina  and  approaches  very  nearly  to  S.  placentula  of  the  Parisian 
tertiaries. 

Lenita  patelloides,  Galeotti,  sp.    PI.  VIII.  fig.  6, «,  A,  e. 

This  is  Nucleolites  patelloides  of  Galeotti.  Sir  Charles  Lyefl  re- 
ceived it  from  Capt.  Le  Hon  as  the  Lenita  patellar*  of  Goldfosa,  b«ft 
it  differs  from  that  species  in  having  its  vent  placed  very  near  to  the 
margin,  and  in  being  more  convex.  In  the  group  of  sea-urchin  to 
which  it  belongs,  the  position  of  the  vent  is  very  constant,  and  afford* 
a  certain  indication  of  specific  character.  I  regard  it  as  a  truly  good 
species :  it  will  stand  as  Lenita  patelloides. 

Spatangu8  Ohalii,  Galeotti.    PI.  VIII.  fig.  7,  a,  6. 

The  Spatangus  Omalii  of  Galeotti  is  allied  to  the  Spmtamgm* 
Hoffmanni  of  Goldfuss.  Galeotti  represents  a  very  bad  and  won 
specimen,  and  omits  the  few  large  and  scattered  areolae  with  their 
included  primary  tubercles  that  ornament  the  antero-lateral  and 
lateral  inter-ambulacral  areas.  The  mouth  is  placed  very  far  from 
the  margin,  and  the  anal  extremity  is  abruptly  truncated.  It  appears 
to  be  identical  with  fragments  of  a  Spatangus  found  in  the  Bsrtoa 
beds  by  Mr.  Frederic  Edwards.  The  following  revised  description 
of  this  species  may  be  serviceable : — 

Test  cordate,  depressed ;  anterior  furrow  strongly  marked  and  sub- 
carinated  at  its  sides.  Ventral  extremity  abruptly  truncated,  with 
the  anus  placed  moderately  high  up.  Back  slightly  carinate.  Dorsal 
ambulacra  ovate ;  pores  connected  by  wide  sulcations.  Anterolaterals 
widely  diverging ;  postero-laterals  meeting  at  an  acute  angle.  Num- 
ber of  pairs  of  pores  in  a  row,  about  12  in  the  former  and  14  in  the 
latter.  Areolae  very  deeply  impressed.  Primaries  confined  to  ante- 
rior and  middle  portions  of  test.  A  group  of  primary  tubercles  on 
each  side  of  caudal  projection.  Mouth  rawer  far  from  an  teal  margin. 
Ventral  surface  very  flat. 

[3.]  Fossiliferous  Brussels  Sands  with  calcareous  concretions. 
(III.  a,  Table  XII.  p.  334.    Part  of  £  2,  Table  I.  p.  279.) 

Next  to  the  NummuUtes  lavigatus  bed  we  find,  in  the  descending 
order,  white  sands  which  are  in  some  places  so  calcareous  as  to  haw 
been  burnt  for  lime  in  the  suburbs  of  Brussels  and  at  Dieghem,  where 
I  saw  several  kilns.  These  beds  usually  contain  nodules  of  sandstone 
in  layers,  with  casts  of  shells ;  sometimes  the  shell  itself  is  present, 
either  silicified,  or,  if  it  retain  its  calcareous  matter,  so  decomposed 
as  to  fall  to  pieces  when  touched. 

(1.)  Rouge  Clottrc,  near  Audergkem. 
At  Rouge  Cloitre,  near  Auderghem,  five  miles  south-east  of  Brussels, 
these  calcareous  beds,  with  some  shells  (silicified  or  in  casts),  are  found 
about  4  feet  thick,  and  have  afforded  the  following  shells  which  art 
in  Capt.  Le  lion's  cabinet : — 
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Fossils  from  Rouge  Cloitre,  near  Auderghem,  five  miles  S.E.  of 
Brussels. 


Turbinolia  ctispa,  Lamk. 
Poryparia. 

Corbula  umbonella,  Deth. 

*  gallica,  LamJt. 

Mactra  semisulcata,  LamJt. 
Tellina  tenuistriata,  Deth. 
Lodna  sulcata,  Lamk. ;  abundant. 
*       divaricata,  Lamk. ;  abundant. 

—  gibboaa. 

•Cytherea  suberycinoides,  Deth. ;  very 
abundant. 

 semisulcata,  Lamk. 

*  laevigata,  Lamk. 

*Cardium  porulosum,  Brander. 

 f  another  speciet. 

Cardita. 

Venericardia  planicostata,  Deth. 

—  decussata,  Mwut. 
Pectuncului  (small). 
Area  barbatula,  Lamk. 
Pecten  corneas  ?  Sow. 
Anomia  laevigata,  Sow. 

Oatrea  virgata,  Golay.,  or  O.  flabellula, 


Calyptraea  trochiformis,  Lamk. 
Solarium  mode  ?  Nytt. 

 patulum  ?  Lamk. 

 trochiforme,  Deth. 

Trochus  conchylifbrmis  (non  agghUi- 


Turritella  terebeflata,  Lamk. 
Tornatella. 

Natica  spirata,  Broun, 

—  patula,  Deth. 

 sigaretina  ?  ?,  Lamk. 

 epiglottina,  Lamk. 

 labellata,  Lamk. 

Sigaretus  canaliculatus,  Sow. 
Fusut  ficulneus,  Lamk. 
 errans,  Sow. 

 elongatus,  Nytt. 

 bnlbiformia,  Lamk. 

 1  with  long  beak. 

Pleurotoma? 
Cerithium  ? 
Pyrula. 

Rostellaria  macroptera,  Lamk. 

—  flssurella,  Lamk. 
Caatidaria  carinata,  Lamk. 

 nodosa?  Nytt. 

 ,  sp.  nov. 

Buodnum  stromboides,  Herm. 
Conus  deperditus,  Brug. 

—  turritus,  Lamk. 
Yoluta  cithara  ?  Lamk. 
Oliva. 

Sepia  Cuvieri,  tfOrb. 
Beloptera? 
Lamna,  teeth. 

Vertebra)  of  Shark  and  other  Fish. 


(2.)  St.  Joose-ten-Noode. 


At  this  locality,  in  the  eastern  suburbs  of  Brussels,  are  some  pits 
near  the  high-road  to  Louvain,  in  which  many  fossils  have  been  ob- 
tained, agreeing  for  the  most  part  with  those  of  Auderghem.  Those 
fire  species,  for  example,  to  which  an  asterisk  is  prefixed  in  the  pre- 
ceding list,  occur  at  St.  Joose-ten-Noode,  and  with  them 


Tellina  rostralis. 

 planata,  and  another  species. 

Pinna  margaritacea. 
Murex  tricarinatua. 


Rosteilaria(casts),  probably  R.  fissurella. 
Voluta  C V.  lyra  or  spinosa  ?). 
Teeth  ot  Lamna. 
Myliobates. 


One  or  two  of  these  species,  as  Tellina  rostralis,  are  shells  usually 
confined  to  the  Laeken  beds.  At  Groenendal,  three  miles  south  of 
Brussels,  many  of  the  Auderghem  shells  are  found  in  a  ferruginous 
matrix. 


(3.)  Schaerbeek.    (H,  Map,  fig.  3,  PI.  XVII.,  and  Section,  fig.  8.) 

The  stone  quarries  at  Schaerbeek,  in  the  northern  suburbs  of 
Brussels,  have  long  been  celebrated  for  the  fossil  Fruits,  called  Cocoa- 
nuts,  and  for  fossil  Tortoises,  found  there  in  concretionary  nodules.  It 

*  The  species  to  which  an  asterisk  is  prefixed  occur  also  at  St.  Joose-ten-Noode. 
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will  be  seen  by  the  section,  fig.  8.  p.  336,  that  the  beds  in  this  qnarry 
are  below  the  level  of  the  NummuUtes  Utvigatus  bed. 

In  the  principal  quarry,  the  Middle  Brussels  beds  (III.  «,  Table 
XII.  p.  334),  seen  in  the  highest  part  of  the  section,  consist  of  sands 
10  feet  thick,  with  several  layers  of  stone.  Some  of  these  layers  are 
almost  continuous  and  afford  flat  paving-stones.  These  beds  contain 
both  argillaceous  and  calcareous  matter,  and  in  some  of  then  occur 
the  oval-shaped  fossil  Fruits  (Coco*  Burtini,  Broogniart),  referred  to 
Nipadites  by  Mr.  Bowerbank.  Some  of  these  are  silicified,  and  the 
wood  both  of  Palms  and  dicotyledonous  trees  are  found  in  the  sasse 
strata  perfectly  silicified. 

At  the  time  of  my  visit  the  workmen  showed  me  the  trunk  of  am 
exogenous  tree  with  forty  rings  of  annual  growth,  which  they  had 
just  extracted.  It  had  lain  in  a  horizontal  position  and  was  bored  by 
Tercditue.  Capt.  Le  Hon  also  possesses  the  stool  of  a  Palm-tree, 
perfectly  silicified,  consisting  of  the  base  of  the  trunk,  which  seems  to 
nave  been  broken  off  short  at  about  the  level  of  the  soil,  and  to  which 
numerous  air-roots  or  rootlets  remain  attached,  such  as  palms  very 
commonly  throw  out  above  the  surface  of  the  soil,  the  whole  exhi- 
biting structure  beautifully  preserved.  Captain  Nelson,  to  whom  I 
showed  this  specimen  (Capt.  Le  Hon  having  kindly  allowed  me  to 
bring  it  over  to  England),  recognized  it  as  bearing  a  striking  resem- 
blance to  what  are  called  "  palm-cups 99  in  the  West  Indies.  When 
an  old  cocoa-nut  tree  decays  and  breaks  off  near  the  ground,  the 
central  woody  portion,  which  in  endogenous  trees  consists  of  a  spongy 
tissue,  contracts  more  than  the  external  or  more  solid  wood,  while  the 
roots  scarcely  shrink  at  all.  This  produces  a  convexity  in  the  middle, 
and  may  explain  a  similar  cavity  in  the  Schaerbeek  fossiL  The  con- 
cave surface  of  the  broken  and  shrunk  wood  exhibits  a  great  number 
of  small  deep  pits,  caused  by  bundles  of  fibres  having  been  pulled  out 
when  the  fracture  took  place. 

Nipadites,  or  the  fossil  Fruits  of  Palms. 

The  most  interesting  remains  of  fossil  plants  in  the  Schaerbeek 
quarries  are  those  oval  fruits  already  mentioned,  which  Burtm  de- 
scribed in  his  '  Oryctographie  de  Bruxelles,'  in  1 784,  and  which  he 
regarded  as  cocoa-nuts.  They  have  been  named  by  Mr.  Bowerbank 
Nipadites,  as  being  nearly  allied  to  the  Nipa  fraticans,  a  pahn  which 
abounds  in  the  delta  of  the  Ganges  and  other  parts  of  Bengal,  and  is 
the  only  living  species  of  the  genus  known.  M.  Adolphe  Broogniart 
has  adopted  the  same  generic  name,  and  has  observed1  that  some  of 
the  fossil  fruits  of  Brussels  are  sufficiently  perfect  to  show  that  they 
want  the  ligneous  endocarp  marked  by  three  pores,  which  is  so  cha- 
racteristic of  the  cocoa-nut. 

Mr.  Bowerbank*  enumerates  thirteen  species  of  Xipadites  from 
the  London  Clay  of  the  Isle  of  Sheppey,  and  considers  that  the 
Schaerbeek  fossils,  which  Capt.  be  Hon  kindly  lent  me  to  figure,  be- 
long to  no  less  than  four  of  his  British  species ;  viz. — 

*  1  Fouil  PruiU  and  Seeds  of  the  London  Clay/  1810. 
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1.  Nipadites  turgidus,  Bowerbank,  *  FossiV 

Fruits,9  pi.  5.  [PI.  XIX.  fig.  1,  &  PI.  XX.  Nipadites  Burtini, 
figs.  7,  8.]  >    (according  to  Dr. 

2.  N.  giganteus,  Bowerbank,  pi.  6.  fig.  1.  Hooker). 
[PI.  XIX.  fig.  2.]  J 

3.  N.  lanceolatus,  Bowerbank,  pi.  3.  fig.  7  &  8.  [PI.  XIX.  fig.  3, 4.] 

4.  N.  Parkinsonis,  Bowerbank,  pi.  4.    [PI.  XIX.  figs.  5,  6.J 

The  first  two  of  these  are  considered  by  Dr.  Hooker  as  probably 
belonging  to  the  same  species,  which  should  be  called  Nipadites 
Burtini,  Brongn.  sp.  Many  of  Mr.  Bowerbank' s  species,  as  he  is 
now  aware,  may  be  founded  on  differences  which  appertain  to  indi- 
vidual varieties,  or  are  still  more  frequently  the  result  of  different 
stages  of  growth,  and  of  pressure  in  fruits  aggregated  into  bunches. 
They  were  selected  by  him  as  the  most  striking  and  constant  forms 
out  of  many  hundreds  of  individuals  from  Sheppey. 


Nipadites  Burtini,  Brongniart,  sp. 
[PI.  XIX.  figs.  1,  2,  &  PI.  XX.  figs.  7,  8.] 

Length  of  the  largest  Schaerbeek  specimen,  7  inches  T5^ths ; 
breadth  4  inches. 

Fig.  1  represents  a  ripe  specimen  called  N  turgidus  by  Mr.  Bower- 
bank. Burtin's  figure,  pi.  30.  fig.  A,  is  good,  but  Capt.  Le  Hon's 
specimen  (here  figured)  displays  more  fully  the  texture  and  form  both 
of  the  pericarp  and  its  contained  seed. 

PI.  XX.  fig.  7.  Side  view  of  another  specimen,  showing  the  marks 
of  boring  Molluscs,  probably  Teredines. 

PI.  XX.  fig.  8.  Base  of  the  same  specimen,  broken  off  at  a,  fig.  7, 
showing  hollows  made  by  Teredines  and  filled  by  sandstone,  the 
cavity  of  the  pericarp  being  similarly  filled  (a,  b). 

PI.  XIX.  fig.  2.  N.  giganteus,  Bow.,  is  according  to  Dr.  Hooker 
an  immature  or  abortive  fruit  of  the  same  species,  showing  the  angu- 
larity of  the  pericarp,  equally  characteristic  of  this  and  of  the  ripe 
specimen.  From  the  sharpness  of  the  prominent  ridge  and  the  gibbo- 
sity of  its  general  shape,  the  fossil  singularly  resembles  the  living 
Nipa  fruticans,  with  which  it  also  agrees  in  the  coarsely  fibrous  texture 
of  the  pericarp. 

Dr.  Hooker  has  shown  me  seeds  taken  from  the  same  head  of  Nipa 
fruticans,  from  the  Sunderbunds  of  the  Granges,  differing  much  more 
widely  from  one  another  in  form  and  outline  than  N.  turgidus  and 
N  giganteus.  One  of  the  recent  specimens  is  not  so  much  as  one- 
fifth  the  size  of  another  in  the  same  bunch. 

Some  of  Mr.  Bowerbank's  specimens  from  Sheppey  are  not  inferior 
in  size  to  those  of  Brussels.  If  the  puts  were  equally  numerous  in 
the  same  head,  a  cluster  of  them  must  have  very  far  exceeded  in 
magnitude  the  head  of  the  living  Nipa.  The  absence  of  nuts  in  many 
of  the  full-grown  pericarps  at  Schaerbeek  is  quite  natural,  as  I  learn 
from  Dr.  Hooker  that  the  top  seed-vessels  are  most  commonly  abor- 
tive in  the  living  Nipa,  as  are  frequently  some  of  those  in  tne  rest 
of  the  bunch. 
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Several  of  the  Schaerbeek  fruits  are  drilled  by  Tert&uB,  sad  neve 

the  pericarp  silicified. 

Nipadites  lanceolatu8,  Bowerbank,  pi.  3.  fig.  7,  8,  and  X.  cn- 
TATU8  ?,  Bowerbank,  pi.  3.  figs.  4,  5,  6. 

[PI.  XIX.  figs.  3,  4.] 

Fig.  3  represents  a  fruit  split  open,  exposing  the  cast  of  the  peri- 
carp (a)  ana  a  cast  of  the  nut,  or  of  its  cavity  (©),  bearing  an  im- 
pression of  the  endocarp. 

Fig.  4  is  a  lateral  or  edge-view  of  this  same  body  or  nodens,  re- 
moved from  the  pericarp,  and  shows  the  point  of  attachment  at  its 
base.  There  are  no  remains  of  vegetable  tissue  in  any  part  of  the 
specimen. 

Nipadites  Parkinson  is,  Bowerbank,  sp.  (pL  4). 
Cocoa  Parkinsoni*,  Ad.  Brongn.,  Prodrome,  p.  121. 

[Pi.  XIX.  figs.  5,  6.] 

Length  of  Schaerbeek  specimen  1  inch^ths,  breadth  1  inch  tVh. 

Fig.  5  a. — Cast  of  the  outside  of  the  pericarp. 

Fig.  5  b. — Nucleus  or  cast  of  the  endocarp  or  inner  surface  of  the 
pericarp.  In  this,  as  in  other  specimens,  the  nucleus  resembles  the 
seed  in  form,  but  is  without  trace  of  tissue. 

Fig.  6. — Another  view  of  the  nucleus,  showing  the  opening  where 
the  sand  entered  at  the  base. 

All  the  above  figures  are  reduced  to  half  the  length  of  the  fnasili 

Honium  Bruxelliense. 
[Pi.  XX.  fig.  1-6  *.] 

I  have  given  to  this  curious  fossil  from  Schaerbeek,  which  I  am 
inclined  to  consider  a  Sponge,  the  generic  name  of  Hommm,  from  its 
discoverer  Captain  Le  Hon.  Many  conjectures  have  been  fonned  by 
palaeontologists  as  to  its  true  nature,  some  having  suggested  thai  it 
may  prove  to  be  part  of  the  spadix  or  catkin  of  some  cycadeons  plant, 
as,  in  their  opinion,  it  was  composed  chiefly  of  cellular  tissue.  But 
Dr.  Hooker  tells  me  he  has  never  seen  in  any  plant  such  reticulated 
structure  as  is  exhibited  in  part  of  the  Homum,  so  that  he  is  opposed 
to  the  opinion  of  its  being  of  vegetable  origin.  It  may  perhaps  be 
allied  to  a  Sponge,  as  it  contains  many  spines  which  agree  in  form 
with  the  qricula  of  Sponges :  but  we  can  scarcely  be  sure  that  such 
spines  really  belong  to  the  fossil,  because  both  specimens  of  the  Ho- 
nium figured  in  PI.  XX.  contain  many  spines  of  an  Echinodenn,  which 
are  certainly  foreign  to  the  body  itself,  and  many  of  which  may  be 
seen  scattered  through  the  rock,  although  nowhere  in  such  thick 
clusters  as  on  one  of  the  specimens  of  Honium.  A  small  portion  of 
the  cast  of  the  test  of  a  Spatangus,  however,  is  preserved  in  one  of 
the  stones  containing  Nipadites,  from  the  same  stratum  at  Schaerbeek, 
showing  the  co-existence  of  Echinoderms  with  the  Honium. 

The  convergence  of  the  lines  of  pits  in  the  reticulation  towards 
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the  peduncle  appears  to  Dr.  Hooker  to  be  unlike  plant-structure. 
Some  Sponges,  on  the  other  hand,  offer  a  similar  appearance. 

PI.  XX.  fig.  1 .  represents  this  fossil,  of  the  natural  size.  It  is  a 
cast  of  a  transversely  obtuse-oval  body,  with  a  sinus  on  its  upper  or 
longer  edge,  and  opposite  to  this  a  stem-like  tapering  projection  or 
peduncle.  This  surface  of  the  cast  is  convex,  and  the  other  surface, 
on  the  corresponding  fragment  of  the  nodule,  which  has  not  been 
preserved,  was  probably  parallel  to  it,  a  slight  cavity  intervening; 
traces  of  a  furrow  at  the  margin  of  the  cast  (fig.  5  a)  remain  to  indi- 
cate the  thickness  of  the  blunt  edges  of  the  Honium,  which  was  pro- 
bably less  than  -j^th  of  an  inch.  The  stem  or  peduncle  was  continued 
into  the  body,  as  shown  by  a  granular  ridge  upon  the  surface  of  the 
cast ;  in  other  words,  a  thin  ridge  runs  from  about  the  centre  of  the 
surface  of  the  body  down  towards  the  peduncle.  Imbedded  in  the 
surface  of  this  specimen  are  seen  clusters  of  spicula ;  and  a  small 
portion  of  it  retains  a  reticulated  surface,  which  is  still  better  shown 
in  the  specimen  fig.  2,  where  at  one  spot  the  reticulation  passes  over 
the  spines. 

PI.  XX.  fig.  6s  and  6*. — Magnified  representations  of  the  spicula 
from  the  above-described  specimen,  fig.  1 ;  a,  and  c,  e,  Spicula  of 
Sponge  ?,  b  and  d,  Spines  of  a  Spatangus* 

All  of  these  are  more  or  less  coated  with  the  same  earthy  matter 
which  cements  the  sandstone  in  which  they  are  imbedded.  The 
grains  of  sand  being  enveloped  with  the  same  calcareo-siliceous  cement, 
are  thus  often  joined  to  the  spicula,  and  when  these  grains  happen  to 
adhere  to  the  end  of  a  spiculum  they  give  it  the  appearance  of  a  spine 
with  a  bulbous  base.  The  spicula  vary  in  length  from  iV  *°  tV  inch. 

Fig.  2.  (Natural  size.) — Another  specimen  of  Honium.  Only  a 
few  spicula  are  dispersed  over  it,  and  the  surface  is  nearly  covered  by 
a  fine  network. 

Fig.  3. — A  portion  from  near  the  centre  of  the  surface  of  fig.  2, 
magnified. 

Fig.  4. — Another  portion  from  the  central  part  of  the  same  speci- 
men, showing  the  reticulated  surface,  b,  converging  towards,  and 
passing  under  the  granular  ridge,  a. 

Fig.  5,  a. — Magnified  representation  of  part  of  the  surface  at  the 
edge  near  the  stem,  on  the  right-hand  side  of  fig.  2. 

fig.  5,  b. — Portion  of  the  surface  in  the  sinus  (fig.  2),  where  the 
network  assumes  the  aspect  of  a  wrinkled  membrane,  or  of  a  mem- 
brane to  which  a  cellular  tissue  has  been  attached,  the  rest  of  the 
tissue  being  destroyed. 

Patches  of  a  black,  carbonaceous,  pulverulent  matter  stain  the 
hollows  in  both  specimens. 

It  appears  that  the  stony  beds  at  Schaerbeek  (III.  a,  Table  XII. 
p.  334),  which  contain  the  above-mentioned  Honium  and  Nipadites, 
with  much  fossil  wood  of  palms  and  dicotyledonous  trees,  were  formed 
in  the  sea,  near  the  mouth  of  a  river,  as  in  the  case  of  the  clay  at 
Sheppey ;  and  the  fruits  prove  that  the  same  species  of  Nipaditcs 
which  nourished  at  the  period  of  the  London  Clay  proper  continued 
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to  abound  at  an  era  more  nearly  corresponding  with  that  of  the 
Bracklesham  beds.  I  have  already  mentioned  that  in  the  HiD  of 
Cassel  I  found  Nipadite*,  bored  by  Teredituz,  at  a  somewhat  higher 
geological  level,  or  in  the  beds  containing  Nummulite*  rariolmriu* 
(see  p.  328).  Teeth  of  Sharks  occasionally  occur  in  the  same  beds 
with  the  Fruits  at  Schaerbeek,  together  with  Ottrea  JUbeihdm  and  a 
Pinna  (P.  margaritacea  ?),  showing  that  the  water  was  salt :  while 
the  influence  of  a  river  is  attested  by  the  occasional  presence  of  fresh- 
water Tortoises.  One  of  these,  obtained  by  Captain  Le  Hon,  exhibits 
a  perfect  carapace,  1  foot  long  by  10  inches  in  breadth,  and  is  pro- 
bably the  Emys  Cuvieri,  Galeotti,  figured  by  Burtin.  According  to 
Professor  Owen,  to  whom  it  has  been  submitted,  it  is  a  perfect  cart 
of  the  inner  surface  of  the  carapace,  with  the  hinder  marginal  plates 
dilated,  but  in  no  part  showing  the  scutation ;  so  that  the  species  coald 
not  be  determined,  although  it  may  be  pronounced  to  be  "  a  freshwater 
or  estuary  Emydian." 

I  learn  from  Captain  Le  Hon  that  the  marine  Fish,  figured  by  Burns 
in  his  '  Oryctography  of  Brussels,'  plates  3  and  4  (Zeus  murmtm^ 
Blainville,  and  Pleuronecte*  maxim**,  Blainville),  occur  at  the  sasse 
level  as  the  Nipadites,  Honium,  and  Emydian  Tortoise  abort-de- 
scribed. 

At  Saventham,  near  Brussels,  fossils  similar  to  those  at  Schaerbeek 

are  found  in  a  like  position. 

[4.]  Lower  Brunei*  Sand*  with  (t  grot  to-*  tone*,"  &c. 
(III.  b.  Table  XII.  p.  334.) 

The  calcareous  hands  (III.  a.  Table  XII.)  last  mentioned  are  ahowt 
10  feet  thick.  Below  them,  at  8chaerbeek,  other  sands  are  fetind, 
40  feet  thick,  with  many  layers  (not  less  than  twenty)  of  irregnkriy- 
shaped  nodules  of  sandstone,  called  pierre*  de  grotte*  or  gr$*  hutrt% 
from  the  shining  glossy  lustre  of  the  fractured  surface.  They  consist 
of  aggregations  of  siliceous  sand  with  a  siliceous  cement,  such  as  that 
which  has  petrified  the  fossil  trees.  The  interior  of  a  nodule  is  often 
a  cherty  mass.  The  shapes  of  these  stones  are  extremely  iitegnlar, 
and  sometimes  quite  grotesque.  Sharks'  teeth  and  shells,  especially 
Ostrea  fiabeUula  and  O.  virgata,  are  seen  half-entangled  in  the  solid 
mass  and  half-projecting  from  the  surface  of  the  nodule,  the  loose 
sand  having  fallen  away  from  the  exterior.  Besides  the  more  regular 
hedsof  grotto-stones  some  scattered  concretions  occur,  resembling  the 
branches  of  trees  in  shape.  From  the  abundance  of  these  in  certain 
districts  the  name  of  gre*  JUtuleux  has  been  given  to  this  division, 
III.  b. 

Below  these  beds  are  the  sands  III.  r,  which  consist  of  white  sili- 
ceous sands  without  fossils ;  and  below  these  a  stratum  of  rock  with 
Nummulite*  planulatu*  has  been  found  by  boring  at  Schaerbeek  at 
the  depth  of  70  feet,  to  which  I  shall  presently  allude. 

[5.]  Dieghem  Schistose  Tripoli.  (Table  XII.  III.  a,  and  fig.  9,  p.  339.) 

In  the  Dieghem  quarries  already  mentioned,  which  are  abort  60  feet 
in  depth,  immediately  under  the  Nummulite*  Uevigatu*  bed  I  fcmod 
continuous  beds  of  siliceous  or  cherty  stone,  4  feet  thick,  one  of  whicn 
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is  a  fissile  slate  more  than  half  made  up  of  siliceous  sponge-spicules 

! curved,  straight,  and  forked)  and  siliceous  casts  of  minute  Foramini- 
era  of  the  genera  Textularia,  Nonionina,  TrilocuUna,  Rosalina  (a 
species  near  to,  if  not  identical  with,  R.  Beccarix).  This  peculiar 
siliceous  schist  or  tripoli  is  of  very  slight  specific  gravity.  Some  si- 
Hcified  Wood  and  remains  of  Chelonians  have  also  been  found  in  the 
associated  stony  layers  at  Dieghem. 

Beneath  this  siliceous  schist,  sands,  40  feet  thick,  with  twenty-five 
layers  of  grhs  lustri  or  grotto-stones,  occur.  The  quantity  of  stone 
in  nodules  seems  to  increase  as  we  proceed  northwards  from  Brussels, 
but  scarcely  any  fossils  are  found  in  it. 

[6.]  Cerithium  giganteum. 

This  shell  has  been  obtained  from  Afflighem,  near  Assche  (see  Map, 
fie.  1,  PI.  XVII.),  N.W.  of  Brussels,  from  a  quarry  no  longer  open, 
which  formerly  furnished  building-stone  for  the  construction  of  a 
neighbouring  abbey.  In  the  same  stone  are  seen  Lucina  mutabilis, 
Turritclla  intermedia,  and  Nautilus  Bur  tint.  Whether  its  position 
was  in  II.  of  Table  XII.  (the  Nummulites  kevigatus  division)  or  in 
III.,  I  could  not  ascertain. 

3.  Sands  with  Nummulites  planulatus.  Lower  Nummulitie  ;  Middle 
Eocene.  (E.  3,  Table  I.  p.  279,  &  IV.  «,  Table  XII.  p.  334.) 
Systbne  Tpresien,  e*tage  superieur,  of  M.  Dumont. 

[1.]  Lower  Nummulitie  in  the  neighbourhood  of  Brussels. 

The  only  spot  near  Brussels,  where  I  saw  several  bands  of  stone, 
consisting  of  an  aggregate  of  Nummulites  planulatus,  exposed  in  a 
natural  section,  was  about  three  miles  south  of  the  city,  near  ForSt, 
in  a  deep  lane  near  the  country-seat  of  M.  Musselman  (see  Section, 
fig.  8. 1,  p.  336',  and  Map,  fig.  3.  I.  PI.  XVII.).  I  examined  this 
section  with  Capt.  Le  Hon,  and  we  observed  there  within  a  very 
short  distance  all  the  strata  from  the  lower  nummuhte-beds  (N.  pla- 
nulatus) to  the  Laeken  sands  inclusive.  At  the  bottom  of  the  lane 
several  layers  of  stone  are  seen,  containing  casts  of  Cardium,  Cytherea, 
and  other  shells,  which  appear  to  underlie  the  nummulite-bed.  But 
this  part  of  the  section  is  obscure,  and  there  are  sijms  of  disturbance, 
as  if  a  fault  had  brought  down  some  strata  higher  in  the  series  to  the 
level  of  the  Lower  nummulitie  rock.  The  Nummulites  planulatus 
extends  through  a  thickness  of  about  10  feet  of  sand,  in  part  glau- 
coniferous,  and  in  the  midst  of  which  are  some  solid  bands  of  aggre- 
gated Nummulites.  At  a  higher  level  the  calcareous  sands  (III.  a, 
Table  XII.)  are  distinctly  seen,  then  the  Nummulites  lamgatus  bed, 
separated  by  a  thickness  of  70  feet  of  strata  from  the  lower  sandy 
and  stony  deposits  containing  N.  planulatus.  All  the  beds  have  a 
decided  dip,  and  are  inclined  at  a  steeper  angle  than  any  other, 
which  I  saw  round  Brussels.  At  a  higher  elevation,  in  the  road 
from  Foret  to  St.  Gilles,  the  greenish  sands  of  the  lower  part  of  the 
Laeken  beds  occur  with  Nummulites  variolarius  and  other  fossils  be-, 
fore  enumerated,  p.  335. 

1  have  before  stated  that  in  the  quarry  at  Schaerbeek  an  Artesian 
VOL.  VIII. — part  i.  2  A 
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well  was  excavated,  beginning  in  the  "grotto-stones"  (111.  a.)  and 
reaching,  at  the  depth  of  70  feet,  the  bed  with  N.  pUmuUtu*,  below 
which  water  was  obtained.  There  seems  to  be  an  average  thsrkneai 
of  about  1 00  feet  of  strata  between  the  two  nummuliti  e-beds  and  II.  *. 
and  IV.  Table  XII.,  but  it  is  very  variable.  It  may  be  weB  to  re- 
mark here,  that  all  the  fossils  figured  by  Burtin  in  his  *  Oryctogf*- 
phie  de  Bruxelles,'  1 784,  were  obtained  within  these  limits,  or  be- 
tween the  gravel  containing  N.  Uzvigatus  and  the  continuous  bank 
of  rock  with  N.  planulatus*. 

In  the  lowest  part  of  the  suburbs  of  Brussels,  near  the  Peat 
Leopold,  several  wells  have  been  sunk,  at  about  20£  metres  or  67 
English  feet  above  the  level  of  the  sea.  They  passed,  first,  thrones 
alternations  of  clay  and  sand  (N.  pUmulatus  or  Ypretien  division  r), 
continuing  to  the  depth  of  50  metres,  or  165  feet,  below  which  they 
came  to  a  mass  of  clay  (London  clay  proper  T,  see  Section,  fig.  8, 
p.  336),  with  a  thickness  of  from  20  to  30  metres  (65  to  100  Ea- 
glish  feet).  About  200  feet  below  the  level  of  the  sea  they  readied 
the  White  Chalk  with  flints,  there  being,  as  usual,  a  parting  brer 
between  the  tertiary  and  secondary  series  containing  rolled  flints  ml* 
a  green  coating.  The  exact  age  of  the  beds  here  pierced  1  could  aot 
ascertain,  as  no  fossils  had  been  collected. 

Before  concluding  my  remarks  on  the  environs  of  Brussels,  I  have 
thought  it  useful  to  insert  a  list  or  synoptical  Table  of  the  orpine 
remains  which  have  been  mentioned  in  the  preceding  pages,  distin- 
guishing those  found  in  the  Laeken  beds  as  an  "  upper  *'  drrism, 
and  those  occurring  in  strata  below  (Upper  and  Lower  Brussels  Sands}, 
as  a  "  lower  "  division,  but  not  mcluaing  the  Nummulite*  pUxulmtm 
rock.  In  the  same  Table  I  have  introduced  (as  mentioned  p.  331) 
the  fossils  from  the  Hill  of  Cassel,  divided  in  like  manner  into—lit, 
those  above  the  level  of  the  stratum  abounding  in  N.  Am^trf**,  sad 
2ndly,  those  below.  I  was  not  able  in  either  of  these  districts  to  ob- 
tain sufficient  information  respecting  the  division  containing  X.ptmm*- 
latus,  to  add  a  separate  column  for  its  characteristic  organic  ranans. 

For  the  Brussels  lists  I  am  indebted  chiefly  to  Capt.  Le  Hon*  who 
enabled  me  to  compare  a  large  number  of  bis  species  with  British 
fossils.  The  Cassel  shells  were  collected  by  myself,  and  named,  as 
already  stated,  with  the  aid  of  MM.  Nyst,  Morris,  and  others. 

The  last  column  indicates  the  localities  where  the  same  species 
occur  in  England  or  France.  In  cases  where  I  was  acquainted  with 
an  English  locality  I  have  not  inserted  "  Calc  gross.,  Mr.  Prest- 
wich  having  shown  the  close  affinity  between  the  fossil  fauna  of  Bar- 
ton and  Bracklesham  and  that  of  the  Calcaire  gromer^  inchatfiag 
the  sables  moyens  as  its  upper. division. 

*  Mr.  T.  Rupert  J  ones  informs  me  that  the  Nmnmulite  figured  as  JV.cfcyaat  ia 
the  *  Mineral  Conchology '  from  specimens  marked  "  Kmsworth,  sear  CUchesssr." 
and  which  Mr.  J.  de  C.  Sowerby  has  kindly  permitted  him  to  examine,  is  (as  sag- 
gested  by  M.  d'Architc, 4  Hist  Prog.  Geol.'  toL  iii.)  undoubtedly  the  ti.jAmm*- 
tut  of  continental  geologists.  It  is  probable,  therefore,  that  in  that  part  of  lag* 
land  where  the  Bracklesham  beds  with  AT.  kmgatus  are  so  largely  ikuJusA 
strata  characterized  by  S.plamtktuM  also  exist;  and  it  is  highly  tksuaUt  that 
their  relative  position  should  be  carefully  studied. 
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Table  XIII. 


Middle  Eocene  Fossils  from  Cassel,  near  Dunkirk,  and from  Brussels. 

[In  the  last  column  of  this  Table,  B.  means  Barton ;  Br.,  Bracklesham ; 
L.,  London  Clay  proper ;  Calc.  sr.,  Calcaire  grossier ;  Sab.  m.,  Sables 
moyens,  or  the  upper  part  of  the  Calc.  gross. ;  Sab.  inf.,  Sables  inferieurs 
with  Num.  planulatus.'] 


Canel. 


Brunei*. 


Other  localities. 


Nipadites  Burtini,  Ad.  Brongn  

N.  turgidus,  Bowerb. 

N.  giganteus,  Bowerb. 

 lanceolatuB,  Bowerb  

 Parkmsonis,  Bowerb  

Honium  Bruxelliense,  Lyell   

Nummulites  laevigatas,  Lamk  

 scaber,  Lamk  

 variolarius,  Lamk  

Orbitolites  complanatus,  Lamk  

Operculum  Orbignyi,  Gal  

MUiolites   

Triloculina   

Textularia  

Nonionina  

Rotalina  Beccarii  ?,  Linn  

Caryophyllia  multistellata,  Nyst  

Diphelia,  M.-Edw.  and  J.  Haime. 

Turbinolia  elliptica,  Brongn  

 crispa,  Lamk  

 Nystiana,  Haime  

T.  sulcata,  Nyst. 

 ,  sp.  nov.  ?  

Idmonea  triquetra,  Gal  

Dactylopora   

Flustra  contexta?,  Mich  

Lunulites  radiatus,  Lamk  

 ,  another  species   

Lichenopora   

Celkpora?  petiolus,  Lonsd.  (Dixon)  , 
Goniaster,  fragments   

Asterias  poritoides  ?,  Desm. 

Cidarites?,  sp.  nov  

Echinolampas  aflinis?,  E.  Forbes  ... 

Clypeaster  affinisl,  Goldf. 

 Galeottianus,  E.  Forbes  

 Dekini,  E.  Forbes   

Galerites  Dekini,  Gal. 

Nucleolites  approximatus,  Gal  

Lenita  patelloides,  E.  Forbes   

Nucleolites  patelloides,  Gal. 


L. 


Br. 


Calc.  gr. 
B.?j  Sab.  m, 
Calc.  gr. 


Calc.  gr. 
Calc.  gr. 


Calc. 


Br. 

Calc.  gr.? 
Calc.  gr. 


2  a2 
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CmmL 


Scutellina  rotunda,  E.  Forbes  

Nucleolites  rotundas,  Gal. 
Echinocyamua  propinquua,  E.  Forbes., 

Echmoneus  propinquus,  Gal. 

Spatangua  Omalii,  OaL   -  

Terebratula  Kickxii,  Gal.  , 

Crania  Hoeninghausii,  Michel  

Clavagella  tibialis,  Desk  , 

 coronata,  Desk  

Gaatrochama  , 

Solen  , 

Solecurtus  pariaienais,  Desk.   

Panopea  intermedia?,  Sow  

Corbula  gallica,  Lamk  , 

 pisum,  Sow  

 Wriroetria,  Desk  , 

 umbonella,  Desk  

Thracia?.....  

Mactra  aemisulcata,  Lamk  , 

 depreaaa?,  Desk  ■ 

Craaaatella  trigonata,  Lamk  , 

 plicata,  Sow  , 

 compreaaa,  Lamk  

C.  Nystiana,  D'Orb. 

C.  tenuistriaia,  Desh. 

Sanguinolaria  Hollowayaii,  Sow  < 

Psammobia   , 


 ,  nov.  ap  

Tellina  sinuata?,  Lamk 

 roatralia,  Lamk.  .. 

 textilia,  Edwards  (Dixon,  pL  3.  fig.  1) 

 tenuiatriata,  Desk 

 ,  ap.  nov  

 plagia,  Edwards  (Dixon,  pi.  3.  fig.  5) 

  specioaa,  Edwards  (Dixon,  pi.  3.  fig.  2) 

Lucina  divaricata  ?,  Lamk. 

 mutabilia,  Lamk  

 contorta  ?,  Def.  

 aaxorum,  Lamk  

L.  mitis,  Sow. 

—  Gajcottiana,  Nyst  

 sulcata,  Lamk, 


Cvthcrea  nittdula  ?, 

— —  laevigata  7*  Lamk  

 ►  auben  dnoidca.  Desk.  , 

 sulcMaria,  De$k. 

Venus  elegaua?.  Sow. 


tt*n*»  JVy'  .••.*.-...„....,., 

pcctuiifcnL,  Sow  


Cafe.gr. 
B. 


Br.;CaJ.  gr.TJ 

Br.  I 
B. 

Br.  B. 
Sab.  m- 

Cafe.gr. 
Br. 

Cale.gr. 
B.  Br 
Br. 


...  Cafe.  gr. 

Br. 
•••  Br. 

•  Br. 

•  Br. 
..  Br. 
..  Br. 

•  B. 

...  Cafe  gr. 
...  Sab.  mil 
...  B.  Br.  % 


Cafe.gr.? 
Cafe  gr. 

Br. 
B. 

B.  Br. 
B.Br. 
Cafe.gr. 

.  B. 
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Castel.  Brands. 


Other  localities. 


Iaocardia,  sp.  nor  

Cardium  porulosum,  Brander  . 

 ,  like  C.  discors,  Lamk.  , 

 semi-granulatum,  Sow.  , 

 obliquum,  Desh  , 

 turgidum,  Brander  

 1  nor.  ap  

nov.  ap  

Cardita  plamcostata,  Lands. 

 decussata,  Lamk  , 

 elegans,  Lamk  

 acuticosta,  Desh  , 

Nucula  margaritacea,  Lamk.  , 
 lunulata,  Nyst  


■    striata,  Lamk  

 (Leda)  Galeottiana,  Nyst  

Pectunculus  piUvinatus,  Lamk  

P.  NystU,  Gal. 

Pectunculus   

 ,  a  small  species   

Trigonoccelia  (Limopsis)  auritoides,  Nyst.. 
Stalagmium  Nystii,  Gal  

Pectunculus  granulatoides,  Gal. 

Area  barbatula,  Lamk  

Modiola?   

Pinna  margaritacea,  Lamk  

P.  qfinisl,  Sow. 

Pecten  corneus,  Sow  

 plebeins,  Lamk  

 unbricatus,  Desk  

 Bublaeyigatus,  Nyst   

 scabriusculus?,  Mat  

 reconditus,  Brander  

Spondvlus,  sp.  non  det  

Anomia  laevigata,  Sow  

Ostrea  virgata,  Gokff.   

 flabellula,  Lamk  

0.  Cymbula,  Lamk. 

 inflata,  Nyst  

 cariosa,  Desk  

 gigantea,  Brander   

 eryphina,  Desk  

Dentanum  substriatum,  Desk  

 incrassatam,  Sow  

D.  Deskayesianum,  Gal. 

D.  stranyulatum,  Desh. 

Calyptnea  trochiformia,  Lamk  

Vermetus  bognorensis  ?,  Sow  

Bifrontia  serrata,  Desh  


B.  Br. 

B.Br. 
Calc.  gr. 
B. 


Br. 

Calc.  gr. 

Br. 

Br. 

B.  Br.  L. 
Calc.  gr.?l 
SeiSis.  / 
Calc.  gr. 
Calc.  gr. 
Br. 


B.Br. 

?  B.  Br. 

?  B.  Br.  L. 
Calc.  gr. 
Calc.  gr. 


B.  Br.  L. 
B.  Br.  L. 
B.  Br.  L. 


Calc.  gr. 
B. 

Sab.  m. 
Calc.  gr. 
Calc.  gr. 


*  B.  Br.  L. 
...  L.? 
...  Calc.  gr. 


i 
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Bifrontia  marginata,  Desk  

Solarium  (Vermetus)  Nystii,  Gal. 

 trochiforme,  Desk  

 grande,  Nyst  

 patulum,  Lamk  

Phoni8  parisiensis?,  D*Orb  

 umbilicaris,  Brander   

Scalaria  spirata,  Gal  

 subcylindrica,  Nyst  

 ,  var.?   


Calc  gr. 

Br. 

B. 

Calc.  gr. 
B.  Br. 
Br. 


 ,  sp.  nor  

Turritella  edita,  Sow  

 imbricataria,  Lamk  

 brevis,  Sow  

T.  granulosa,  Gal. 

 terebellata,  Lamk  

Melania  marginata,  Lamk.  .. 

TornateUa,  sp.  non  det  

 ,  nov.  sp  

Stomatia,  sp.  non  det  

Natica  spirata,  Desk  

 patula,  Desk  

 sigaretina,  Lamk  

 epiglottina,  Lamk  

 labellata,  Lamk  

 glaucinoides,  Desk  

 ambulacrum,  Sow  

Globulus,  Sow. 

 parisiensis,  If  Orb. 

Sigaretus  canaliculatus,  Sow. 

Bulla  lignaria,  Linn  

 expansa,  Dixon   

 Bruguierei,  Desk  

 ,  sp.  non  det  


Bulhea,  sp.  nor  

Fusus  ficulneus,  Lamk  

 bulbiformis,  Lamk  

 errans,  Sow  

 aciculatus  ?,  Lamk  

Murex  porrect  us,  Brander. 

 elongatus,  Nyst  ...  

 longseyus,  Brander   , 

F.  scalaris,  Lamk. 
Pleurotoma,  sp.  non  det  


-?.. 


Cerithium  giganteum,  Lamk  

 ,  allied  to  C.  reticulatum,  Risso 


Murex  tricarinatus,  Lamk. 


Br. 

Calc.gr. 


Calc.gr. 
B.  Br. 
B. 

Cak.gr. 
B.  Br.CaL  gr 
B.  Br.  L. 


Calc.  gr. 
B.  Br. 
B. 
Br. 

Calcgr. 


Br. 

Br.  L. 
Br. 
Br.  L. 


B.Br. 


•••  Br. 


•  B.Br. 


av 
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Camel.  Brunei* 


i 


Other  localities. 


Cassiclaria  caxinata,  Lamk  

 nodosa,  Nyst   

Buccinum  nodosum,  Brander. 

 ,  sp.  nov  

Rostellaria  macroptera,  Lamk  

 fissurella,  Lamk  

Pyrula,  sp.  non  det  

Buccinum  stromboides,  Herm  

 junceum,  Sow  

Conus  deperditus  ?,  Brug  

 antediluvian  us?,  Brug  

 turritus,  Lamk  

Ancillaria  

Voluta  cithara,  Lamk,  ....  

Oliva,  sp.  non  det  

Terebel  aim,  sp.  non  det  

 convolutum,  Lamk  

Seraphs  convolutus,  Montf. 

Nautilus  Burtini,  Gal  

N.  regalisl,  Sow. 

Sepia  Cuvieri,  Desk  

Beloptera?  

Serpula,  sp.  nov.,  allied  to  S.  triquetra, ' 

Lamk  

Cancer  Burtini,  Qal.  

 ,  sp.  non  det  

Ccelorhynchus  rectus,  Agas  

CEtobates,  sp.  non  det  

Pristis  (Dixon,  pi.  10.  fig.  36.)  

 Lathami,  Gal  

 ,  nov.  sp  , 

Myliobates  striatus,  Ag.  (Dixon,  pi.  12.  ] 


fit  2.) 
 Dixi 


oni,  Ag.  (Dixon,  pi.  10.  fig.  2' 
&pl.  12.  fig.  3)   j 


Lamna   

 elegans,  Agas. 1  

Otodus  obliquus?,  Agas  

 macrotus,  Agas  

Edaphodon  Bucklandi,  Ag.  (Dixon,  pi.  10.  \ 

fig.  21)  / 

Zeus  armatus,  Blainv  

Pleuronectes  maximus,  Blainv  

Ear-bone  of  Fish?  

Emys  Cuvieri  ?,  Gal  

Oavialis  Dixoni,  Owen  (Dixon,  pi.  12.  fig.  4) 


B.  Br.  L. 
B. 


B.  Br.  L. 
B.  Br. 

Br. 

B. 

Br. 

Calc.  gr. 
Calc.  gr. 

Br. 


B. 

L.? 

Calc.  gr. 


Br. 

Br. 
Br. 

L. 
L.. 
L. 

Br. 
Br. 
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The  results  of  most  value  deducible  from  the  above  Table  are  those 
suggested  by  the  fossil  Molluscs.  The  total  number  of  these  enu- 
merated is  157,  but  some  of  them  can  only  be  determined  generkaDy 
from  casts,  and  others  are  new  and  as  yet  undescribed.  The  num- 
ber of  named  species  is  122,  and  no  less  than  106  of  these  are  cosn- 
mon  to  the  Eocene  beds  of  England  and  France ;  102  being  of  the 
age  of  the  Barton  and  Bracklesham  beds  of  England  or  the  corre- 
sponding Caleaire  arossier  of  France,  while  only  four  belong  exclu- 
sively to  the  London  Clay  proper  or  to  the  Sables  in/eriemrs  of  France. 
The  identity,  therefore,  of  this  portion  of  the  Cassel  and  Brussels 
tertiary  series  with  the  British  Middle  Eocene  group  is  very  striking. 
In  regard  to  the  unnamed  fossils,  some  of  them  are  probably  peculiar 
to  French  Flanders  and  Belgium,  but  most  of  them  might  be  iden- 
tified with  British  species,  if  we  had  the  means  of  comparing  them 
in  London  with  large  numbers  of  English  Eocene  fossils  mk  on- 
described. 

The  next  result  worthy  of  notice  is  derived  from  the  "  Upper 
Brussels"  column  relating  to  the  shells,  obtained,  chiefly  by  the  exer- 
tions of  Capt.  Le  Hon,  from  Laeken,  Jette,  and  other  localities  of 
the  same  "  Upper  Nummulitic"  strata  near  Brussels.  These  specie*, 
belonging  to  what  has  been  termed  by  M.  Dumont  the  Systbme 
Laekenien,  are  sixty-five  in  number,  eighteen  of  which  are  at  prev 
sent  peculiar,  but  I  have  no  doubt  that  this  proportion  might  easflj 
be  reduced,  inasmuch  as  the  researches  of  the  late  Mr.  Dixon  in  Use 
Eocene  deposit  of  Bracklesham,  near  Chichester,  have  brought  to 
light  many  Molluscs  and  Bryozoa  identical  with  Laeken  fossils.  Oat 
of  fifty-seven  named  Laeken  shells,  no  less  than  forty-four  are  com- 
mon to  the  Caleaire  arossier,  or  beds  of  the  same  age  in  England. 
Such  being  the  case,  we  have  no  reason  to  feel  surprised  that  the 
fossils  of  the  ferruginous  sands  of  Mont  Noir,  near  Cassel,  whirfc 
overlie  strata  corresponding  in  age  to  the  Laeken  beds  of  Brasses** 
should  nevertheless  contain  shells  which  agree  with  the  Bsgshot  and 
Bracklesham  fauna  of  England.  In  otner  words,  the  Sytftme 
Laekenien  is  simply  one  of  several  upper  divisions  of  the  Cmlcmr* 
arossier. 

It  may,  at  first  sight,  seem  strange  that  there  are  not  more  species 
common  to  the  Cassel  and  Brussels  lists,  only  thirty-two  named 
species  being;  common  out  of  a  total  of  122 ;  also  that  in  each  district 
so  few  species  are  common  to  the  upper  and  lower  divisions,  at 
Cassel  only  sixteen  out  of  sixty-two  named  species  being  common  to 
the  upper  and  lower  series,  and  at  Brussels  only  fifteen  out  of  ninety- 
two  species.  How  are  we  to  reconcile  such  a  result  with  the  fact 
that  each  of  these  sets  of  fossils,  when  compared  to  the  Cnfasw* 
arossier  or  Middle  Eocene  of  England  and  France,  exhibits  nearly  an 
equal  amount  of  identity  f  The  apparent  inconsistency  is,  I  think, 
removed  when  we  recollect  that  each  of  the  asterisk  columns  of 
Table  XIII.  represents  a  mere  fraction  of  a  mat  fauna  obtained  from 
the  Middle  Eocene  beds  of  the  south-east  of  England  or  from  the  Fans 
Basin .  The  analogous  degree  of  relationship  of  the  Cassel  and  Brussels 
fauna  to  one  and  the  same  foreign  equivalent  shows  that  they  would 
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each  approximate  much  nearer  to  each  other,  if  we  were  able  to  ex- 
tend our  knowledge  of  the  fossils  of  the  respective  districts ;  although 
there  would  still  remain  some  distinctions  arising  from  variations  of 
species  in  space  or  in  time ;  the  representation  of  each  precise  stage, 
or  division  in  time,  of  the  fossils  of  the  same  Middle  Eocene  group 
being  always  imperfect,  and  usually  unequally  so  in  the  several 
countries  compared.  The  small  number  common  to  the  "  upper  and 
lower  Brussels"  beds,  or  to  the  upper  and  lower  Cassel  beds,  t.  e.  to 
the  Upper  and  Middle  Nummulitic,  is  no  doubt  in  part  the  effect  of 
change  of  species  in  time,  and  corresponds  to  the  distinction  between 
the  Barton  beds  and  the  lower  Bagshot  (or  lower  Bracklesham)  in 
England,  or  that  of  the  Sables  may  ens  (gres  de  Beauchamp)  and  the 
Glauconie  grossiere  in  France. 

The  number  of  Plants,  Zoophytes,  and  Vertebrate  common  to  the 
different  divisions,  or  to  the  two  districts,  is  too  small  to  require  me 
to  dwell  upon  them.  So  far  as  they  go,  they  coincide  in  their  bear- 
ing with  the  conclusions  to  which  we  are  led  by  the  fossil  Mollusca. 

[2.]  Middle  Eocene  strata  near  Mans.    Mont  Panisel. 

It  is  well  known  that  in  the  neighbourhood  of  Mons  (about  thirty- 
five  English  miles  S.S.W.  of  Brussels)  the  Maastricht  chalk  is  seen 
at  Ciply,  and  above  it  are  sands  and  clays  (at  Chasse  Royale  and  other 

{>laces),  referred  to  the  Systeme  Landenien  of  Dumont.  At  a  higher 
evel,  strata  containing  Nummulites  planulatus  in  abundance  have  been 
found  in  wells  sunk  in  the  city  of  Mons.  I  found  the  same  Nummu- 
lite  in  Mont  Panisel,  in  the  suburbs,  sparingly  dispersed  through 
beds  of  clay  and  in  greenish  and  yellowish  ferruginous  sands  in  which 
were  some  cherty  beds  containing  casts  of  fossils  with  silicified  shells. 
I  examined  Mont  Panisel  in  company  with  M.  A.  Vroilliez  and  M. 
Ch.  De  Beaulieu,  and  with  their  assistance  obtained  the  following 
fossils : — 

Nummulites  planulatus.  Tellina. 
Pinna  margaritacea ;  abundant.  Nucula. 
Loripes  divaricata,  Crassatella. 
Cardium  ponilosom  ?  Astarte. 
Cassidaria  nodosa.  Cardita. 
Natica  patula  ?  Fusns. 
Lucina  gibbosa.  Voluta. 
Solen. 

These  seem  to  be  inferior  to  the  Brussels  Beds,  of  which  the  fossils 
are  enumerated  in  the  "  Lower  Brussels  "  column  of  Table  XIII. 

[3.]  Renaix,  Craye,  and  Audenaerde. 

From  the  hills  of  Renaix,  Mont  Panisel  above-mentioned  may  be 
seen.  Near  Renaix,  about  two  miles  S.E.  of  the  town  (see  Map, 
PI.  XVII.),  the  stony  beds  with  Nummulites  planulatus  are  exposed 
to  view  in  the  bed  of  a  small  brook,  where  they  are  associated  with 
clays  and  sands.  The  locality  alluded  to  occurs  in  the  Commune  of 
St.  Sauveur,  on  the  farms  of  Tombelles  and  Arabie,  where  I  was 
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conducted  to  a  fine  section  by  M.  £.  Joly,  Advocate,  wefl  I 
his  antiquarian  researches.  Beds  of  clay,  alternating  with  _ 
sands  and  brick-earth,  cover  the  solid  layers  of  NnwrnnK^lim  %  ■ 
to  a  thickness  of  100  feet,  and  amongthem  occur  indurated  ■flk<cw 
sandstones  similar  to  those  in  Mont  Panisel,  before-meritiooed,  wick 
chalcedonic  casts  of  shells,  Pinna  margaritacta  being  Terr  mhmiiiat 
The  following  fossils,  collected  by  myself,  or  given  me  by  M.  Joly,  are 
from  this  place  or  from  Ellexelles  near  Renaix : — 


Turbinolia  sulcata,  Lamk.  Natka,  allied  to  N.  flnttnimm,  %tm. 

Soleu.  Natka. 

Corbula,  cast.  Futui  tangents,  Lamk. 

Tellina  donacialis  ?,  Edwards.  Pkurotoma. 

Tellina.  Rottellaria  fitsurdla,  Ini 

Cytherea,  near  C.  obtiqua,  Deah.  Cauidaria  carinata,  Lamk. 

 ,  near  C.  nitidula  ?,  Lamk.  Vohita  lactator  ?,  Sow, 

Cardita  planicostata,  lamk.   ,  two  other  specks. 

Nucula  margaritacea,  Lamk.  TerebeUum. 

Pinna  margaritacea,  Lamk.  Cypnea. 

Pecten.  Nautilus,  cast 

Ostrea  flabellola,  Lamk.  Cancer  LeachH  ?,  Dttm. 

Turritella  imbricataria,  Lamk.  Xanthomas,  M*Coj. 

At  Kraye  (or  Crave),  to  the  N.W.  of  Renaix,  on  a  road  kadius* 
from  Renaix  to  Berchem  on  the  Scheldt,  I  found  sands  with  dispcratu 
specimens  of  a  variety  of  Nummulites  planulatu*,  about  150  feet 
higher  in  the  series  than  the  solid  beds  at  the  farm  of  Arabic  beforr- 
mentioned.  These  upper  grey  sands  with  green  grains  contain  im 
great  abundance  an  orbicular  variety  of  Cardita  pianieo$tmtm9  with 
Cardium  porulosum,  Corbula,  &c. 

At  Audenaerde  I  observed  beds  similar  to  those  of  Renaix  and  Mont 
Panisel,  the  Pinna  margaritacea  being  abundant  in  cherty  beds  which 
are  sometimes  used  for  pavement. 

[4.]  Court  ray. 

Three  miles  south  of  Court  ray  I  found  a  tertiary  clay,  extenatvelj 
worked  for  brick-making,  which  abounded  in  Nummulite*  pUnuimtms 
in  a  very  perfect  state  of  preservation.  I  was  directed  to  this  region 
as  likely  to  afford  fossil  remains  by  M.  Dumont.  The  clay  of  Cow- 
tray  evidently  belongs  to  the  Lower  Nummulitk  division,  EL  3  of 
Table  I.  p.  279. 

The  fossils  which  accompanied  the  Nummulitea,  indndmg  a  7W- 
ritella  and  some  others,  were  too  imperfect  to  admit  of  being  speci- 
fically determined. 

[5.]  Ghent. 

About  three  miles  south  of  Ghent,  at  the  country-house  of  1L  P. 
Loozberg,  an  artesian  well  had  been  sunk  to  the  depth  of  70  metres 
at  the  time  of  my  visit.  The  upper  35  metres  consisted  of  sandy  mmd 
clayey  glauconites,  with  Nummulites  planulatm*  dispersed  through 
them  at  several  levels.  In  examining  this  Glanconite  Mr.  Rupert 
Jones  has  lately  found  a  few  specimens  of  two  species  of  Kntiwno- 
straca,  viz.  Cythere  angufatopora,  Bosq.,  and  CytAereitm  Jfmsrfm, 
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Rcem.  sp.,  both  which  (according  to  M.  Bosquet*)  occur  in  the 
Eocene  strata  of  France.  The  lower  half  was  made  up  of  stiffer  clay 
of  a  bright  green  colour,  and  lower  down  of  darker  colour,  in  which 
I  found  no  Nummulites.  As  the  Brussels  beds  with  Nautilus  Bur- 
tint  occur  in  the  trenches  of  the  citadel  at  Ghent,  I  imagine  the  green 
sands  of  this  well  to  belong  to  E.  3  of  Table  I.,  or  the  Systbne 
Ypresien  of  M.  Dumont.  It  may  perhaps  be  found  possible  and 
convenient  to  draw  here  and  elsewhere  a  line  of  demarcation  between 
the  Ypres  beds  and  the  London  Clay  proper  at  the  point  where  the 
Nummulites  cease.  Whether  the  beds  containing  N.  planulatus 
near  Ghent  or  Courtray  may  correspond  in  age  with  an  upper  division 
of  the  London  Clay  proper,  or  with  the  lowest  part  of  the  Bagshot 
series,  cannot  as  yet  be  decided. 

[6.]  Mons-en-Pevelle,  near  Lille. 

At  no  locality  visited  by  me  were  the  bands  of  Nummulitic  lime- 
stone so  conspicuous  as  at  Mons-en-Pevelle,  about  nine  miles  south 
of  Lille,  to  which  my  attention  was  directed  by  M.  Meugy.  The 
thickness  of  the  formation  (overlying  the  London  Clay)  to  which 
they  belong  is  estimated  by  that  geologist  at  about  100  feet.  I  saw 
the  layers  of  nummulitic  rock,  from  6  to  8  inches  thick,  extending 
throughout  a  thickness  of  about  60  feet  of  sandy  and  clayey  beds. 
Not  only  were  the  roads  made  of  them,  but  several  buildings  were  in 
part  constructed  of  the  same,  and  I  saw  the  yard  of  a  farm-house 
paved  with  nummulitic  slabs.  With  the  exception  of  a  Bentalium 
(D.  Deshayesianum),  I  could  find  no  fossils  in  the  associated  strata. 
In  this  part  of  French  Flanders  the  lower  nummulitic  beds  are  sepa- 
rated from  the  Chalk  by  about  150  feet  of  London  Clay,  and  nearly 
100  more  of  Plastic  clay  and  sand. 

§  8.  London  Clay  proper  (F.  1.  Table  I.).    Argile  Tpresien,  Stage 
infhieur,  Dumont. 

I  have  already  stated,  p.  331,  that  at  the  railway-station  at  Cassel 
a  mass  of  brown  clay  with  septaria  was  bored  to  the  depth  of  100 
metres,  and  the  bottom  not  reached.  In  uniformity  of  aspect  it  re- 
sembled the  clay  of  Highgate  and  other  places  near  London,  and 
the  absence  of  shells  in  the  large  heaps  of  clay  extracted  from  the 
well,  which  I  examined  carefully,  might  be  paralleled  by  a  similar 
dearth  of  fossils  in  numerous  sections  in  the  London  and  Hampshire 
basins.  The  green  sands  and  clays  above  the  London  Clay  in  the  Hill 
of  Cassel  much  resemble  those  containing  Nummulites  planulatus 
elsewhere,  although  I  could  not  meet  with  that  fossil  at  Cassel. 

Near  Lille  a  mass  of  clay,  estimated  by  M.  Meugy  to  be  about 
44  metres  (or  145  feet)  thick,  underlies  the  Nummulites  planulatus 
sands  and  limestone  of  Mons-en-Pevelle  already  described,  and  under 
that  again  are  sands  and  clays,  probably  corresponding  to  the  Plastic 

*  Descript.  des  Entom.  Foss.  des  Terrains  Tertiaires  de  la  France  et  de  la 
Belgique,  Mem.  Couron.  Acad.  Roy.  Belg.  voL  xxiv. 
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clay  and  sand  near  London.  No  progress  seems  yet  to  here  bees 
made  here  or  elsewhere  in  obtaining  fossils  from  the  arpJe  Tprmmrn, 
whether  in  French  Flanders  or  Belgium.  In  the  latter  country  this 
clay  appears  to  be  feebly  developed,  or  usually  wanting,  as  in  the 

Paris  basin. 

At  Bailleul,  between  Cassel  and  Lille  (see  Map,  PI.  XVII.),  assay 
shells  were  met  with  in  boring  a  well  through  this  day,  but  they  were 

not  preserved. 

At  Brussels,  a  mass  of  clay,  lying  over  the  Chalk  and  about  80  feet 
thick,  was  found  in  boring  wells.  It  is  separated  from  the  chalk,  as 
before  stated  (p.  350),  by  a  band  of  flint-pebbles  coated  with  green 
earth.  There  are  not  sufficient  data  as  yet  for  deciding  whether  part 
of  this  clay  should  be  referred  to  the  London  Clay  proper. 

§  9.  Plastic  Clay,  Sand,  and  Lignite  (F.  2.  Table  I.  p.  279).  Sfttime 
Landenien  tuperieur,  Dumont.  Lower  London  Tertimrim,  Prest- 
wich. 

1.  Carvin,  near  Lille. 

Below  the  London  Clay  near  Lille  are  sands  and  days,  afroat 

80  feet  thick,  which  resemble  the  beds  near  London  usually  caDed 
"  Plastic  clay  and  sand."  The  only  fossils  as  yet  found  in  them  are 
marine,  and  occur  in  a  clay,  not  more  than  25  or  30  feet  above 
the  chalk.  M.  Meugy  took  me  to  the  junction  of  the  chalk  and  ter- 
tiary strata  at  Carvin,  twelve  miles  south  of  Lille  (see  Map,  PI.  XVII.). 
Within  300  yards  of  the  church  of  Carvin  we  saw  an  open  weO  just 
dug,  where  the  White  Chalk  with  flints  appeared  within  10  feet  of 
the  surface.  Upon  it  there  was  no  parting  band  of  pebbles,  bat,  m 
contact,  schistose  sandy  clay,  gpreenisn  but  notjr^uconiferoiis,  with  a 
few  well-rolled  black  oebbfes  interspersed.  This  clay  or  loam  was 
10  feet  thick.  At  a  snort  distance,  and  no  doubt  incumbent  on  the 
above,  a  tenacious  clay  occurs,  several  feet  thick,  which  is  worked 
for  pottery ;  and  above  this  again,  in  another  pit,  the  sandy  day  with 
concretions  in  which  shells  abound.  Among  these  the  Cyprmm  Mar- 
rim,  Sowerby  ('  Min.  Con/  vol.  viL  p.  20,  pi.  620),  abounds,  which 
is  characteristic  of  the  Plastic  Clay  near  London,  and  a  TurriteUa* 
Area,  and  Corbula,  in  casts  too  imperfect  to  admit  of  being  specific- 
ally  determined.  There  are  white  sands  with  some  solid  beds  of  sand- 
stone in  them  near  Iille,  between  the  clay  with  Cyprina  Morrimii, 
above-mentioned,  and  the  London  Clay,  but  I  saw  no  good  sections, 

2.  Jaucke,  Huppaye,  Oplinter,  $-c. 

In  Belgium,  above  the  "  Lower  Landenian,"  which  I  shall  pre- 
sently describe,  and  below  the  Brussels  beds  with  NmrnunuHtm  pla- 
nulatue,  there  occurs  a  formation  of  sand,  siliceous  paving-atone,  and 
ite,  to  which  the  name  of  Landenien  euptrieur  has  been  riven  by 
Dumont.  As  no  fossil  shells  have  been  found  in  it,  I  cannot 
identify  it  pataontologically  with  that  part  of  the  British  Tertiarie* 
with  which  it  may  probably  be  contemporaneous.    I  saw  its  super- 
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position  to  the  Lower  Landenian  near  Jauche,  on  the  road  leading  to 
Enines  (Map,  fig.  2,  PI.  XVII.),  where  it  is  40  feet  thick,  and  con- 
sists of  alternating  yellow  and  whitish  sands,  resembling  the  "  striped 
Bands"  of  Lewisham  and  Woolwich,  and,  like  the  British  "  Lower 
Tertiaries,"  containing  a  bed  of  lignite.  At  a  higher  level  in  the 
aeries,  at  Huppaye,  in  the  same  district,  this  formation  contains  snow- 
white  sands  with  beds  of  hard  paving-stone  or  siliceous  sandstone, 
from  7  to  10  feet  thick.  I  saw  the  same  "striped  sands"  at  Marilles, 
about  one  league  north-east  of  Huppaye,  traversed  by  a  layer  of  well- 
rounded  flint-pebbles.  In  the*  neighbourhood  of  Tirlemont  I  found 
fragments  of  silicified  wood  in  this  part  of  the  series,  and  at  Oplinter, 
a  few  miles  north  of  Tirlemont,  clay  with  lignite  and  the  leaves  of 
dicotyledonous  trees.  To  this  locality  I  was  conducted  by  M.  de 
Koninck.  M.  Dumont  informed  me  that,  at  some  points,  the  alter- 
nations of  clay  and  beds  of  lignite  in  the  middle  portion  of  this  series 
are  very  numerous.  We  may  hope,  therefore,  that  some  fossil  plants, 
at  least,  may  hereafter  be  obtained. 

Near  the  railway  station  at  Landen  I  saw  a  section  of  the  upper 
Landenian  formation,  consisting  of  white  and  yellow  striped  sands 
without  fossils,  about  35  feet  thick. 

§  10.  Glauconite  of  Toumay  and  Angres  (G.  Table  I.  p.  279). 
Beds  between  the  Plastic  Clay  and  the  Chalk  of  Maestricht. 
Systbne  Landenien  inferieur,  Dumont. 

I  have  next  to  describe  strata  which  are  certainly  older  than  those 
last  alluded  to,  but  concerning  the  relations  of  which  to  the  Tertiary 
or  the  Cretaceous  series,  much  difference  of  opinion  exists.  The  lo- 
calities where  I  examined  this  series,  called  "  Lower  Landenian"  by 
M. Dumont, were: — 1.  Toumay.  2.  Angres, near Quievrain, about 
fourteen  miles  S.W.  of  Mons :  see  Map,  fig.  1,  Pi.  XVII.  3.  In  the 
province  of  Hesbaye,  at  Folx-les-Caves,  Orp-le-Grand,  Lincent,  and 
several  other  places. 

1.  Toumay. 

About  two  miles  from  the  Valenciennes  gate  of  Toumay,  on  the 
left  bank  of  the  Scheldt,  are  some  large  quarries  deeply  excavated  in 
the  Mountain  or  Carboniferous  limestone.  In  one  belonging  to  M. 
Dapsens  Carbonnel,  the  limestone  (1)  is  seen  covered  as  in  the  accom- 
panying section,  fig.  10,  with  a  well-known  member  of  the  chalk, 
provincially  called  "tourtia"  (2),  above  which  is  white  chalk-marl  (3), 
with  the  usual  fossils,  upon  which  rest  strata  (4,  5),  referred  by  M. 
Dumont  and  others  to  the  tertiary  series,  and  called  in  Belgium 
"  Lower  Landenian."  The  lowest  of  these  is  an  argillaceous  grey 
marl  (4),  strongly  contrasted  in  its  darker  colour  with  the  white 
chalk-marl.  I  found  in  this  grey  marl  (4)  a  perfect  specimen  of  a 
well-known  chalk  fossil,  Terebratula  gracilis,  Schlotheim  (T.  rigida, 
Sow.,  'Min.  Conch.'  vol.  vi.  p.  69,  pi.  536.  fig.  2),  with  both  valves 
united.  With  this  was  Terebratula  striatula,  in  abundance,  also 
Ostrea  (Exogyra)  lateralis,  Nyst,  and  a  Bryozoon. 

Reposing  on  the  marl  (4)  and  passing  into  it  at  the  junction  are 
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Fig.  10. — Section  near  Tour  nay. 
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beds  of  a  green  sandy  glauconite  (5)  10  feet  thick,  in  the  upper  part 
of  which  layers  of  cherty  stone  from  6  to  8  inches  thick  abound,  with 
casts  of  shells.  In  this  glauconite  the  same  Ostrea  lateralis  and 
Tercbratula  striatula  occur  which  are  met  with  in  the  grey  marl 
(4),  so  that  it  seemed  to  me  impossible  to  draw  a  line  between 
the  beds  "4"  and  "5,"  or  to  consider  "4"  as  cretaceous  and 
"5"  tertiary.  The  other  fossils  which  I  found  in  "5"  eon-  . 
sisted  of  a  Pholadomya  (P.  KoninekU  ?),  CueuUaja,  Pinna,  Turri- 
tella,  Fusus,  Natica,  &c,  chiefly  casts,  and  these  in  too  unsatis- 
factory a  state  to  admit  of  being  specifically  distinguished.  A  gigantic 
Pleurotomaria,  sometimes  retaining  its  shell,  is  not  uncommon  in 
these  beds,  and  is  very  unlike  any  fossil  occurring  in  the  Lower  Tcr- 
tiaries  of  England  or  France.  It  resembles  rather  the  P.  gigmntea 
of  the  Lower  Greensand.  One  species,  and  as  yet  one  only,  of  this 
genus,  is  known  in  the  Calcaire  grouier, — P.  concava  of  Desha  vet 
('Coq.  Foss.  de  Paris/  vol.  ii.  pi.  32.  fig.  1,  2,  3),  much  smaller 
in  size,  though  somewhat  analogous  in  form.  According  to  Baron 
Ryckholt,  who  possesses  the  finest  collection  of  shells  from  the  gUo- 
conite  of  Tournay,  all  the  species  which  have  been  referred  to  ter- 
tiary shells  are  distinct.  Not  a  few  of  them  he  considers  identical 
with  fossils  of  the  Faxoe,  Maestricht,  and  other  cretaceous  formation*. 
The  difficulty  of  defining  the  specific  characters  in  the  genera  PJkoU- 
domya,  Scalaria,  Mya9  and  Pinna,  without  haying  a  ruU  and  perfect 
series  of  the  individuals  for  comparison,  is  such  that  I  cannnot  pre- 
tend, without  better  specimens  tnan  I  brought  from  Tournay  and 
Angres,  to  offer  a  positive  opinion  on  this  point.  I  believe  neverthe- 
less that  Baron  Ryckholt,  when  he  publishes  a  full  account  of  hit 
valuable  collection,  will  succeed  in  proving  the  beds  in  question  to  be 
older  than  any  fossiliferous  strata  above  the  Chalk  in  England. 


1852.]  LYELL — BELGIAN  TERTIARY  FORMATIONS.  363 


2.  Angrca,  near  QuiSvrain. 

At  Angres,  near  the  southern  frontiers  of  Belgium,  fourteen  English 
miles  south-west  of  Mons,  the  White  Chalk  with  flints  is  covered  with 
a  solid  glauconite,  free  from  calcareous  matter,  and  full  of  the  casts 
of  shells.  I  visited  this  place  in  company  with  M.  de  Beaulieu,  Pro- 
fessor of  the  licole  des  Mines  at  Mons.  We  found  a  section  in  a 
hollow  way,  within  half  a  mile  N.N.E.  of  the  church  of  Angres, 
where  a  thickness  of  25  feet  of  thin-bedded  and  half-solidified  glau- 
conite is  seen.  The  stone  at  some  points  becomes  very  hard,  ana  tbe 
green  grains  are  larger  and  more  widely  scattered  in  the  upper  beds. 
I  obtained  the  casts  of  about  fifteen  snells,  belonging  to  the  genera 


Area.  Venus  ? 

Cucullaea  (allied  to  C.  decueeata).  Tellina. 

Panopaea  (like  P.  mtermedia  ?).  Pinna. 

Pectuncnliu.  Ostrea. 

Crassatella.  Turritella. 

Nncula.  Lucina  ? 

Pholadomya  (resembling  P.  emeata,  Natica. 

Sow.  M.  C.  pi.  630).  Calyptnea. 
Astarte. 


Also  a  Bryozoon  (Retepora  ?)  and  an  Echinoderm. 

The  casts  were  many  of  them  decidedly  the  same  as  those  already 
mentioned  as  occurring  near  Tournay.  We  afterwards  saw  a  similar 
glauconite  with  similar  fossils  at  Baisieux,  two  miles  north  of  Angres, 
and  about  a  mile  south  of  QuieVrain. 

The  matrix  of  the  shells  at  Angres  is  sometimes  quite  undistin- 
guishable  from  that  Middle  Eocene  glauconite,  with  large  coarse 
grains  of  green  earth,  which  occurs  at  Boeschepe  near  Cassel,  before 
described,  p.  325,  and  in  which  casts  of  a  large  Ovula  and  other  shells 
occur.  It  is  one  of  many  instances  in  Belgium  of  the  identity  in 
mineral  character  of  tertiary  beds  of  very  different  ages,  to  which  the 
abundance  of  glauconite  particularly  contributes. 

3.  Folx-les-Caves,  Jauche,  Jendrain,  Orp-le-grand,  fyc. 

I  shall  now  pass  to  another  part  of  Belgium  (between  Brussels  and 
Liege,  seventy  or  eighty  miles  eastward  of  Tournay),  where  strata, 
also  called  "  Lower  Landenian,"  and  probably  of  about  the  same  age 
as  those  of  Tournay  and  Angres  already  described,  are  met  with  in 
the  cantons  of  Landen,  Jodoigne,  and  Tirlemont.  See  Map,  fig.  2, 
PI.  XVII. 

At  Folx-les-Caves,  the  most  southern  point  where  I  saw  this  for- 
mation, it  rests  on  the  Maestricht  Chalk,  fig.  11,  I,  which  is  there 
quarried  to  the  depth  of  20  feet  for  building-stone,  and  exhibits 
Belemnites  mucronatus  and  other  characteristic  fossils. 

The  chalk  is  covered  by  a  bed  of  rolled  flint-pebbles,  some  of  which 
are  4  inches  in  their  longest  diameter.  This  bed  (G.  2),  forming  the 
base  of  the  "Lower  Landenian,"  is  1  foot  thick,  and  supports  a 
stratum  (G.  1)  of  soft  glauconite,  6  feet  thick,  the  upper  part  of 
which  is  clayey,  and  contains  some  small  dark  concretions,  which,  like 
the  greensand  matrix,  are  highly  calcareous.    The  fossils  in  the 
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glauconite  (G.  1)  consist  chiefly  of  Astarte  uutquilateralU,  Nvst,  wefl- 
preserved  and  often  with  both  valves  united.  On  one  of  these  1  found  a 
small  attached  coral  {Bendrophyllia).  In  the  same  bed  a  large 
species  of  Dentalium  occurs,  and  some  casta  of  Bivalves. 


11. — Section  at  Folx-le*-Caves. 


O  1.  Glinoooite;  upper  part  daycy,  vkk 


OS.  Pebble-bed 


I.  Maeetrkfct  Chafe 


No  other  member  of  the  "  Lower  Landenian  "  is  seen  at  Foht4es- 
Caves,  but  a  solid  and  whitish  glauconite,  called  by  Omalius  d'HaDov 
tufeau  de  lAncent,  occupying  a  higher  position  in  the  same  series,  u 
met  with  at  the  distance  of  three  or  four  miles  to  the  north  and  west, 
as  at  the  village  of  Jauche,  where  there  is  a  hollow  lane  in  which  the 
whitish  tufeau  and  greenish  sand  or  soft  glauconite  are  seen  to  attain 
a  thickness  of  about  20  feet,  and  greatly  to  resemble  in  character 
some  members  of  the  Chalk  and  Upper  Ureensand  of  many  parts  of 
Europe.  The  tufeau  is  highly  calcareous  and  of  small  specific  gravity, 
hence  it  is  of  cheap  carriage  and  highly  useful  as  a  building-stone. 
Some  of  the  beds  are  cherty ;  casts  of  a  small  Nucule  (Ltdm)  are 
most  common  in  the  tufeau.  In  part  of  the  region  alluded  to, 
the  Lower  Landenian  rests  immediately  on  White  Chalk  with 
flints  without  the  intervention  of  the  Maestricht  chalk,  as  at  Jen- 
drain,  and  sometimes,  as  in  the  immediate  neighbourhood  of  that 
village  and  on  the  road  from  it  to  Orp-le- Grand,  the  Maestricht  chalk 
is  reduced  to  a  thickness  of  less  than  2  feet  between  the  White  Chalk 
with  flints  and  the  overlying  Landenian.  The  Maestricht  bed  here 
contains  large  concretions  of  silex,  more  or  less  pure,  and  is  roll  of 
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Tkecidea  radians  and  Belemnites  mucronattis,  with  TerebratuUe  and 
other  characteristic  fossils ';  it  contains  also  many  rolled  pebbles  of 
flint  near  its  junction  with  the  White  Chalk.  This  fact  is  important, 
as  showing  that  the  White  Chalk  with  flints  had  suffered  denudation 
previously  to  the  deposition  of  the  Maestricht  beds.  The  occurrence 
of  rolled  pebbles  at  the  base  of  the  Maestricht  rock  is  analogous  to 
the  pebbly  glauconite  which  separates  the  Maestricht  chalk  from  the 
Lower  Landenian,  so  that  the  parting  layer  of  pebbles,  which  at  Folx- 
les-Caves  might  seem,  at  first  sight,  to  afford  good  ground  for  sepa- 
rating the  cretaceous  and  tertiary  formations,  loses  all  importance  as 
a  line  of  demarcation.  The  upheaval  and  exposure  of  the  secondary 
rocks  had  evidently  begun  before  the  termination  of  the  cretaceous 
period. 

In  the  middle  of  the  village  of  Jendrain  above  mentioned  a  chalk- 
pit has  been  opened,  where  the  White  Chalk  with  flints  is  covered 
immediately  by  the  Lower  Landenian  containing  the  wreck  of  the 
Maestricht  chalk,  and  its  flints  or  cherty  rock,  which  consist  of  huge 
flattened  masses,  several  feet  in  diameter.  At  Wanzin  (Map,  fig.  2. 
PI.  XVII.),  I  saw  several  sections  where  the  surface  of  the  White 
Chalk  had  been  much  denuded,  and  where  the  whitish  glauconite  or 
tufeau  of  the  Lower  Landenian,  characterized  by  Astarte  incequila- 
tera,  filled  up  inequalities  scooped  out  of  the  older  rock. 

4.  Orp-le- Grand,  Pellaines,  Lincent,  and  Amptieau. 

At  Orp-le-Grand  the  light  tufeau  is  quarried  for  building  purposes 
to  a  depth  of  more  than  20  feet.  One  of  the  most  conspicuous  fossils, 
called  Gyrolites  {Vermiculites  of  Nyst),  resembles  the  tubular  cavi- 
ties left  by  a  large  boring  Annelid,  and  traverses  the  stone  in  curves 
several  inches  in  diameter.  The  Astarte  inaquilatera  connects  this 
rock  with  the  glauconite  before  mentioned  of  Folx-les-Caves.  The 
Pholadomya  Koninckii,  also  abundant,  forms  a  link  between  it  and 
the  glauconite  of  Tournay,  before  mentioned,  p.  362.  With  these 
shells  I  found  a  cast  and  impression  of  a  large  Scalaria,  which  appears 
^distinguishable,  so  far  as  a  cast  will  admit  of  comparison,  with  a 
species  in  Mr.  Bowerbank's  cabinet  from  the  Lower  London  Tertia- 
nes  or  Thanet  Sands.  The  other  shells  are  Dentalium,  casts  of 
CuculUea,  Area,  Nucula,  Turritella,  Natica,  and  Pleurototna  ?,  with 
teeth  of  Lamna.  1  found  also  two  species  of  Echinoderms,  one  of 
them,  according  to  Professor  £.  Forbes,  of  the  genus  Hemiaster,  a 
form  belonging  equally  to  the  cretaceous  and  tertiary  periods ;  and  the 
other  referred  to  Cardiaster  by  the  same  authority,  who  remarks  that 
this  genus  has  hitherto  been  only  met  with  in  cretaceous  strata. 
This  discovery  is  interesting  in  its  bearing  on  the  question  whether 
the  Lower  Landenian  fauna  has  most  relationship  with  a  cretaceous 
or  a  tertiary  type,  or  whether  it  be  not  intermediate  in  character  and 
in  age.  No  Baculite,  Belemnite,  Ammonite,  or  other  Cephalopod  of 
a  family  peculiar  to  the  Chalk,  has  hitherto  been  met  with  in  these 
beds ;  but  the  same  may  be  said  of  the  true  cretaceous  strata  in  many 
regions. 

I  visited  Pellaines  and  Lincent,  where  magnificent  square  blocks 
VOL.  VIII. — part  i.  2  b 
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and  tall  columns  of  the  tufaceous  building- stone  are  obtained  iron 
the  quarries,  and  the  same  fossils  as  at  Orp-le-Grand.  At  Amptifai 
I  found  the  Lower  Landenian  passing  into  a  white  calcairo-arciQa- 
ceous  rock,  much  used  as  a  fire-stone,  in  which  I  obserad*Plob- 
domya  Koninckii  and  a  small  Leda,  allied  to  L.  fragilU.  As  ml 
in  Belgium,  a  deep  covering  of  loess  renders  it  difficult  to  ofatak 
sections. 

It  may  be  proper  to  mention  here,  that  many  decidedly  Eoceae 
Bhells  have  been  cited  from  Orp-le-Grand  and  the  other  localities  nst 
alluded  to,  chiefly  on  the  authority  of  M.  Galeotti ;  but  having  fined 
to  detect  any  of  them  in  situ  here  or  elsewhere  in  beds  of  this  age; 
and  haying  conversed  with  M.  Galeotti  himself,  I  am  convinced  that 
they  were  introduced  into  the  published  lists  by  mistake.  Them 
shells  have  not  only  been  cited  from  M.  Galeotti' s  memoir  br  M. 
Nyst  and  M.  d'Omalius  d'Halloy*,  but  more  recently  by  M.  £*Ar~ 
chiacf.  Among  these  spurious  fossils  are  Numwndites  Ampofu, 
Lunulites  radiatus,  Turbinolia  sulcata,  Cytherea  mtidmU,  Lmeimm 
divaricata,  Cardium  porulosum,  Cardita  elegant,  Ostrea  JUbeQmU, 
Dentalium  Deshayesianum,  Melania  marginata,  Cassidaria  emrmmtm* 
Solarium  Nystii,  and  other  Eocene  shells,  not  one  of  which  has  ever 
been  met  with  in  the  "  Lower  Landenian  "  of  Dumont. 

§  1 1.  Marls  and  Glaueonite  of  Heers  (H.  Table  I.  p.  279).  Sptlme 
Heersien  of  M.  Dumont. 

Between  the  formation  last  mentioned  and  the  Maestricht  chalk, 
there  intervenes  another  series  of  strata,  discovered  by  M.  Dnmoot, 
and  called  by  him  Heersien,  from  the  village  of  Heers(aix  mDesN.NJL 
of  Waremme).  These  are  best  seen  near  the  village  of  Oreye,  at  the 
farm  of  Vivier,  about  six  miles  N.E.  of  Waremme,  where  they  as- 
sist of  white  marl,  resting  on  sandy  glaueonite,  and  this  last  oa 
Maestricht  chalk. 

I  had  no  opportunity  of  examining  this  locality,  but  was  conducted 
to  another  by  M.  Dumont  at  Marlinne,  between  Waremme  and  Loot, 
about  fifteen  miles  E.  of  Orp-le-Grand,  and  four  miles  N.  of  Warenuae, 
where  this  formation  consisted  of  a  white  marl,  20  feet  thick,  as  while 
as  chalk,  but  not  so  soft,  and  containing  leaves  of  dicotvledooonj  plaatfi. 
but  no  shells.  It  is  here  seen  to  underlie  the  Lower  Landenian,  which 
reposes  upon  it  in  the  form  of  a  glaueonite,  similar  to  that  of  Fob-les- 
Caves.  No  progress  has  yet  been  made  in  comparing  the  species  of 
dicotyledonous  leaves  with  those  found  in  other  formations.  Their 
occurrence  affords  no  evidence  of  the  tertiary  nature  of  the  Heeraias 
strata,  now  that  Dr.  Debey  has  brought  to  light  in  the  lower  creta- 
ceous beds  of  Aix-la-ChapeUe  so  great  a  variety  of  the  leaves  of 
dicotyledonous  plants %. 

It  is  clear,  therefore,  that  there  are  in  Belgium  certain  deposits, 
consisting  of  glauconites  and  marls,  interposed  between  the  Chalk 

*  G&logie  de  It  Belgiqoe,  1842.       f  Hist,  dea  Progrta,  voL  fi.  p.  bOt 
t  Entwurf  n  einer  Geogn.  Darttelhuig  der  Gcgead  too  Aacaea,  1S49.  Set 
alao  Quart.  Journ.  Geol  Soc  voL  viL  Part  II.  p.  109. 
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of  Maestricht  and  beds  of  the  age  of  the  Lower  London  Tertiaries. 
The  change  in  Europe  from  the  Maestricht  and  Faxoe  fauna  to  that 
of  the  Lower  Eocene  is  so  vast  as  to  prepare  us  for  the  discovery  of 
a  long  series  of  such  intermediate  rocks,  characterized  by  species  in 
part  new  and  in  part  cretaceous  or  tertiary, — formations  in  which 
genera,  hitherto  .'regarded,  like  )the  Cardiaster,  as  exclusively  se- 
condary, and  others  only  known  before  as  tertiary,  may  be  found  asso- 
ciated. Instead  of  grouping  all  these  monuments  of  an  intervening 
period  as  Cretaceous  or  as  Eocene,  it  may  be  convenient  to  introduce 
a  new  system,  to  which  the  calcaire  pisolitique  of  France  and  the 
Heersian  and  Lower  Landenian  of  Belgium  mav  be  referred. 

In  the  Synoptical  Table  of  tertiary  formations,  which  has  been 
introduced  into  an  early  part  of  this  paper  (p.  279),  it  will  be  seen 
that,  so  far  as  I  have  been  able  to  ascertain,  the  Lower  Landenian 
and  Heersian  groups  have  no  exact  equivalents  in  the  British  Islands. 
This  opinion  may  require  modification  hereafter,  when  a  fuller  com- 
parison has  been  instituted  between  the  Lower  Tertiary  fossils  of 
England  and  those  of  Belgium.  In  the  meantime,  the  place  assigned 
by  M.  Dumont  to  the  Lower  Landenian  will  be  understood  by  con- 
sulting his  Tables  already  alluded  to  (p.  279,  note)  and  printed  as 
Appendices  Nos.  I.  and  II.  One  of  these  was  published  in  1851, 
and  the  other  appears  now  for  the  first  time,  having  been  recently 
communicated  by  the  author,  after  his  return  from  a  geological  ex- 
cursion in  England  in  the  autumn  of  1851.  To  him,  and  to  all  the 
other  geologists  of  Belgium  with  whom  I  had  the  pleasure  of  con- 
ferring, I  have  to  express  my  warmest  thanks  for  their  zealous  and 
effective  cooperation.  I  must  also  avail  myself  of  this  opportunity 
of  acknowledging  my  obligations  to  MM.  Nyst  and  De  Koninck  in 
particular,  for  their  unremitting  attentions  during  my  tour,  and  their 
instructive  correspondence  since  my  return.  In  several  of  the  principal 
districts,  the  reader  cannot  fail  to  have  perceived  that  I  should  have 
made  but  little  progress  in  the  examination  of  their  palaeontology 
without  such  assistance  as  that  afforded  me  at  Antwerp  by  M.  Nor- 
bert  de  Wael,  at  Brussels  by  Captain  Le  Hon,  and  in  the  Limburg 
by  M.  Bosquet.  These  naturalists  have  enabled  me  to  present  to  the 
scientific  world  a  more  complete  catalogue  of  the  fossils  of  the  several 
regions  studied  by  each  of  them,  than  had  previously  been  printed ; 
and  in  each  case,  when  they  generously  placed  at  my  disposal  the 
ample  materials  which  it  had  cost  them  the  labour  of  years  to  bring 
together,  they  asked  no  other  return  for  the  gift  than  that  I  should 
obtain  the  opinions  of  the  best  English  palaeontologists  on  their  fossils. 
I  have  accordingly  endeavoured  by  the  aid  of  several  friends,  whose 
names  appear  frequently  in  this  memoir,  especially  those  of  Messrs. 
S.  V.  Wood,  Morris,  Edwards,  Rupert  Jones,  Hooker,  and  E.  Forbes, 
to  discharge  the  debt  incurred  to  my  foreign  fellow-labourers ;  giving 
the  results  of  their  comparison  of  Belgian  and  British  fossils,  respecting 
which  doubt  and  discussion  had  arisen,  whether  in  reference  to  specific 
characters,  or  to  position  in  the  geological  series. 

It  may  also  be  well  to  state,  before  concluding,  that,  notwithstanding 
the  slight  inequalities  of  level  and  the  rarity  of  natural  sections  in  a 
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great  part  of  Belgium,  no  European  country  of  canal  area  afibnb  a 
richer,  perhaps  no  one  so  rich  a  field  for  the  study  of  rocks  never 
than  the  White  Chalk  with  flints.  I  have  stated  in  the  pretest 
memoir,  that  the  older  Pliocene  or  Crag  strata  of  Suffolk  are  very 
fully  represented  at  Antwerp,  and  that  in  the  Limhurg  the  Upper 
Eocene  group  is  more  completely  developed  than  its  equivalent  in  the 
Isle  of  Wight.  The  Bolderherg  affords  an  example  of  beds  interme- 
diate between  the  two  groups  last  mentioned  (probably  of  the  Miocrae 
period),  to  which  nothing  similar  in  age  has  yet  been  found  in  EwgUi«i 
Again,  the  chalk  of  Maestricht  or  Ciply,  long  recognized  as  an  vsper 
and  peculiar  member  of  the  cretaceous  system,  is  another  rots  of 
which  we  have  no  example  in  Great  Britain.  Last,  not  least,  there 
have  been  discovered  by  M.  Dumont  and  others,  near  Tournay  and  ■ 
different  parts  of  Hesbaye,  strata  occupying  a  position  between  the 
Maestricht  Chalk  and  the  Lower  London  Tertiaries.  These  Lower 
Landenian  and  Heersian  groups  of  Dumont  promise  no  scanty  harvest 
to  the  collectors  of  organic  remains,  and  may,  therefore,  soon  be  made 
to  throw  light  on  a  period  of  the  earth's  history  as  yet  more  obscure 
than  any  other  of  equally  modern  date.  Judging  from  the  character 
of  the  numerous  publications  which  have  appeared  in  Belgium  (hiring 
the  last  fifteen  years,  we  may  confidently  affirm  that  the  scientiac 
explorers  of  that  country  will  continue  to  prove  themselves  worth? 
of  the  grand  field  of  investigation  thus  thrown  open  to  them. 
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On  the  Superficial  Accumulations  and  Surface-markings 
of  North  Wales.   By  Prof.  A.  C.  Ramsay,  F.R.S.,  G.S. 


Read  March  26,  1851. 
[For  the  other  Communications  read  at  this  Evening  Meeting,  see  vol.  viL  p.  200.] 

During  several  summers,  while  investigating  the  more  solid  geology 
of  North  Wales  in  connexion  with  the  Geological  Survey  of  Great 
Britain,  my  attention  has  been  occasionally  directed  to  the  subject  of 
the  action  of  ancient  glaciers  in  that  country,  which  were  first  de- 
scribed by  Dr.  Buckland  in  1841  * ;  and  I  have  especially  endeavoured 
to  discover  traces  of  a  sequence  of  events  characterizing  the  glacial 
epoch. 

On  both  sides  of  the  Menai  Straits,  the  low  ground  of  Anglesea  and 
Caernarvonshire  is  often  covered  by  a  coating  of  "  driftf,"  composed 
of  beds  of  sand,  gravel,  and  occasionally  of  clay,  mingled  with  boulders, 
and  sometimes  bearing  marine  shells  characteristic  of  the  period. 

On  Moel  Tryfan  Mr.  Trimmer  discovered  such  shells  in  beds  of 
gravel,  at  the  height  of  1392  feet  above  the  level  of  the  sea  J.  From 
Moel  Tryfan,  these  superficial  deposits  are  continuous,  at  similar  ele- 
vations, on  the  high  grounds  towards  the  valley  of  the  Seiont,  on  the 
seaward  side  of  the  mountain  ranges  of  Caernarvonshire.  The  valley 
of  the  Seiont  is  comparatively  clear  of  "  drift."  Between  Cwm  Seiont 

*  Proc  GeoL  Soc  voL  Hi.  p.  579  et  $eq.  See  also  Quart.  Journ.  Geol.  Soc  voL  i. 
p.  153  et  seq.,  p.  300,  and  p.  460  et  teq. 

t  In  this  paper  the  term  "  drift "  is  used  to  denote  the  marine  deposits  of  the 
Pleistocene  sea,  without  special  reference  to  the  transport  of  materials  from  a 
distance. 

%  Proc  Geol.  Soc.  voL  i.  p.  331. 
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and  Llyn  Padarn  there  is  a  wild  moorland  tract,  covered  by  the  same 
deposits,  in  which  I  found  fragments  of  shells  at  an  deration  of  about 
1000  feet.  On  the  rough  slopes  on  either  side  of  the  lakes  of  Lan- 
beris,  the  "drift"  has  again  in  a  great  measure  been  removed,  snail 
patches  alone  remaining  nestled  amid  the  smaller  hollows  of  the  hills. 
Surrounding  these  more  fertile  spots,  the  ruined  surfaces  of  masses  of 
rock  rounded  and  polished  by  glacier-action  often  rise  almost  destitiirr 
of  vegetation.  Between  Llanberis  and  Nant  Francon  there  is  another 
broad  high  moor  formed  by  "drift"  of  great  thickness,  and  which, 
from  an  average  height  of  about  1 100  to  1300  feet,  stretches  east  waul 
into  the  valley  of  Marchlyn-mawr,  where  it  attains  an  elevation  of 
about  2000  feet.  Standing  on  this  moor,  above  the  left  bank  of  the 
Ogwen,  the  eye  easily  detects  on  the  opposite  banks  a  corresponding 
accumulation,  stretching  smoothly  up  the  higher  valleys  towards  Aber, 
and  bending  on  the  east  and  south-east  towards  the  sonrces  of  Alba 
Berthan,  the  Llafar,  and  Afon  Gaseg ;  streams  rising  in  the  higher 
recesses  of  Carnedd  Dafyd  and  Carnedd  Llewelyn,  on  their  seaward 
flanks.  I  am  informed  by  Mr.  Trimmer  that  he  has  good  reason  to 
believe  that  this  part  of  these  deposits  contains  shells  at  a  height  of 
about  1000  or  1200  feet.  In  the  valleys,  through  which  flow  the 
streams  last  named,  the  "  drift  "  attains  an  elevation  of  about  2900 
feet,  stretching  into  their  wide  recesses  with  a  smooth  outline,  broken 
only  by  long  lines  of  faintly-marked  terraces,  indicative  of  sen-margitts 
during  pauses  in  the  later  upheavals  of  the  country.  From  this 
highest  point  it  may  be  followed  without  a  break  to  the  present  sen- 
level.  Having  ascertained  by  this  unbroken  continuity  that  the  drift 
actually  attains  an  elevation  of  2300  feet  on  the  flanks  of  Carnedd 
Llewelyn  and  Carnedd  Dafyd,  there  is  no  difficulty  in  understanding 
the  reason  of  the  existence  of  similar  masses  in  neighbouring  isolated 
valleys  high  amid  the  mountains.  This  occurs  in  the  elevated  valley 
between  Y  Glvder  fawr  and  Y  Gam,  in  which  a  deposit  of  "  drift  "  (see 
fig.  1,  p.  375)  stretches  from  the  summit  of  the  cliffs  that  overhang 
Cwm  Idwal  (2300  feet  high),  to  the  top  of  the  hills  overlooking  the 
Pass  of  Llanberis. 

In  Anglesea,  although  by  no  means  scarce,  the  larger  boulders  are 
much  less  numerous  than  in  the  "drift,"  where  it  approaches  the 
mountains  of  Caernarvonshire.  As  far  as  I  could  discover,  they  are 
principally  composed  of  fragments  of  the  rocks  of  the  island.  On  the 
opposite  snores,  approaching  the  mountains,  they  gradually  inert  at  at 
quantity,  being  •scattered  in  and  on  the  "  drift,  until  at  its  inarajn, 
where  it  surrounds  the  higher  points  of  land,  the  boulders  often  form  n 
large  proportion  of  its  material,  packed  closely  together  along  the  sides 
of  the  hills,  and  in  the  nooks  of  the  higher  valleys.  Even  these  coarse 
accumulations,  however,  when  viewed  at  a  little  distance,  present  a 
generally  smooth  and  regular  outline.  Sometimes  on  isolated  hiDs* 
or  on  the  summits  and  sides  of  high  ridges,  where  the  smaller  M  drift  ** 
has  been  removed  by  denudation,  boulders  and  subangular  masses  be 
singly  scattered  on  the  surface.  A  good  example  occurs  on  the  east 
side  of  Nant  Francon,  on  the  long  ridge  of  Pen-yr-olcn-wen.  One  of 
these  masses  lies  on  the  summit  of  this  ridge,  about  2000  feet  above 
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the  sea.  Its  dimensions  are  9  yards  by  5,  by  2  yards  in  beigbt.  Its 
weight  cannot  be  less  than  from  90  to  1 00  tons.  The  parent  rock, 
of  felspar-porphyry,  is  at  least  a  mile  distant. 

I  am  well  aware  that  heretofore  it  has  not  been  customary  to  con- 
sider accumulations  at  so  great  an  elevation  as  belonging  to  glacial 
marine  deposits.  They  have  either  been  altogether  disregarded,  or  con- 
founded with  glacier-moraines.  But  when  we  consider  their  continuity 
with  the  shell-bearing  strata,  their  regular  smoothly  sloping  outline,  and 
their  gradual  change  from  gravelly  drift  with  a  few  scattered  boulders 
on  the  coast,  to  the  coarser  and  more  massive  accumulations  among 
the  mountains ;  and  further,  if  we  add  to  this  the  travelled  boulders 
and  masses  of  rock  on  the  summits  of  hills  and  ridges  2300  feet  high, 
it  seems  to  me  impossible  to  resist  the  conclusion,  that  the  whole 
material  from  the  present  sea-margin  upwards  is  of  marine  origin, 
and  due  to  the  operation  of  one  general  set  of  causes  extending  over 
a  definite  period. 

In  this  communication  I  will  not  enter  on  the  general  proofs  of  the 
ancient  extension  of  glaciers  among  these  mountains,  formerly  so 
beautifully  inferred  by  Dr.  Buckland*.  From  numerous  observa- 
tions I  have  convinced  myself,  on  what  I  consider  perfect  evidence, 
that  this  inference  is  correct,  and  with  the  materials  I  have  collected 
I  may  at  some  future  period  produce  a  map  of  the  extent  and  course 
of  the  glaciers  of  Caernarvonshire,  or  of  North  Wales  generally. 
Believing  then  in  their  former  existence,  it  is  sufficient  for  my  present 
argument  to  state  that  belief. 

The  "  drift"  deposits,  above  mentioned,  often  rest  on  and  sometimes 
conceal  the  rounded,  polished,  grooved,  and  scratched  surfaces  (roches 
moutone'es),  due  to  the  operation  of  glaciers,  the  effects  of  which  are 
so  clearly  traceable  in  the  Pass  of  Llanberis,  Nant  Francon,  and  other 
valleys  of  Caernarvonshire.  Roches  moutone'es,  surrounded  by,  and 
partly  denuded  of  drift,  may  be  seen  near  Llyn-y-Gader,  in  the 
neighbourhood  of  the  Caernarvon  and  Beddgelert  road,  and  in  the 
valley  leading  from  the  base  of  Snowdon  to  Capel  Curig.  These  great 
glaciers,  therefore,  preceded  the  deposition  of  the  "  drift," — a  circum- 
stance mentioned  by  Dr.  Buckland,  in  184 If,  who  however  attri- 
butes its  distribution  "  to  a  great  diluvial  wave  or  marine  current, 
advancing  from  the  north,  and  propelling  before  it  the  materials  of 
which  the  drift  is  composed  J."  It  may  be  objected  that  denudations 
during  the  submergence  of  the  country  must  have  removed  the  glacier- 
markings.  On  the  other  hand  it  may  be  replied,  1st,  that  the  ex- 
posed polished  rocks  are  for  the  most  part  of  extreme  hardness ; 
2nd,  that  rocks  rounded  and  polished  by  glaciers,  in  offering  surfaces 
of  small  resistance  to  the  sea-waves,  run  a  high  chance  of  escaping 
their  wasting  influence  during  submergence ;  and  3rd,  that  they  prin- 
cipally occur  in  the  recesses  of  valleys  that  anciently,  at  various 
levels,  formed  narrow  sinuous  arms  of  the  sea,  where  on  the  whole 
still  water  would  prevail.  The  superincumbent  drift  has  in  a  great 
measure  preserved  them  from  the  wasting  effects  of  atmospheric  in- 
fluences in  more  recent  times. 

*  Loc.  cit.  f  Gcol.  Proc.  vol.  iii.  p.  579.  J  Loc.  eit,  p.  584. 
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It  is  evident  that  before  this  glacier  period  the  land  had  already 
received  its  present  grand  contour,  and  this  conclusion  may  be  gene- 
rally applied  to  European  and  American  surfaces  on  a  urge  scale 
underlying  the  "  drift.  If  the  data  previously  stated  be  correct,  k 
appears  that,  after  the  great  glacier  period,  much  of  the  couatry  was 
depressed  beneath  its  present  level,  at  least  2300  feet,  by  which  means 
the  glacier-markings  were  covered  by  accumulations  of  superficial  de- 
tritus. The  higher  parts  of  Wales,  at  the  utmost  from  800  to  1000 
feet  above  water,  must  have  formed  a  group  of  islands,  perhaps  too 
insiffnificant  and  low  to  admit  of  the  formation  of  glaciers  on  their 


The  scratches  and  polished  surfaces  in  Anglesea  (like  those  ia  the 
vale  of  the  Firth  of  Forth  and  in  the  lowlands  of  Ireland)  seem  to  ma 
to  be  due  to  the  action  of  floating  ice,  the  direction  of  the  grooves 
being  quite  unconnected  with  those  of  the  glaciers  in  the  netghboariag 
mountains  of  Caernarvonshire.  In  Anglesea  the  grooves  (at  Har- 
lech, in  Tywyn-trewan,  near  the  Holyhead  Railway,  on  the  "Yellow 
Sandstone,"  near  Penrhos  Lluewy,  on  the  coast  near  Camels  Hoaat, 
and  at  various  localities  near  Lhuifairynghornwy)  generally  run  abos* 
£.  30°  N.  It  is  worthy  of  remark  that  near  Penrhos-Llugwy,  on  the 
polished  and  grooved  surfaces,  potholes  occur  (where  no  stream  could 
nave  run)  of  the  kind  frequently  made  on  sea-coasts  by  the  gyration 
of  stones  in  hollows,  showing  that,  since  the  rocks  were  smoothed 
and  scratched,  they  have  formed  a  sea-margin,  from  which  the  drift 
has  been  removed  by  denudation. 

Whatever  the  conditions  were  under  which  boulders  were  dispersed 
from  the  height  of  2300  feet  downwards,  they  were  brought  to  a  dost 
by  the  gradual  re-elevation  of  the  country.  One  of  the  characteristic 
features  of  the  scenery  of  North  Wales  is,  as  I  have  elsewhere  ob- 
served4', due  to  this  elevation,  the  outlets  of  certain  valleys  being 
dammed  up  by  greater  accumulations  of  sediment  towards  their  open- 
ings, the  free  egress  of  the  drainage  being  prevented,  and  lakes  having 
been  formed,  alter  the  manner  indicated  by  Mr.  Darwin  in  his  M  Geo- 
logical Observations  on  South  Americaf.  Examples  of  this  may  be 
seen  at  low  levels  in  Caernarvonshire  in  Llyn  CweDyn  and  Lrymaav 
and  on  high  ground  in  some  of  the  lakes  on  the  north  side  of  Cader 
Idris  in  Merionethshire,  and  in  Marchlyn-bach  and  Marchlyn>mcwr 
in  Caeniarvonshire,  where,  in  the  latter  case,  the  barrier  of  "drift" 
reaches  an  elevation  of  about  2000  feet. 

But  there  are  other  lakes,  such  as  Llyn  Llydaw,  on  the  Cape!  Curig 
side  of  Snowdon,  and  the  celebrated  Llyn  Idwal,  which  are  dearly 
dammed  up,  not  by  marine  deposits,  but  by  the  moraines  of  glaciers 
(see  fig.  1).  As  an  example  of  the  morame-dammed  lakes  I  select 
Llyn  Idwal,  in  Cwm  Idwal,  the  moraines  of  which  have  been  de- 
scribed by  Mr.  Darwin  J.  A  terminal  moraine  spreads  across  the 
valley,  and  dams  up  the  lake.  Lateral  moraines  extend  up  the  aides 
of  the  valley  on  either  side. 

*  Athenaeum  (No.  1171),  1850,  p.  377.  t  P.  ti> 

t  Lend.,  Edinb.  and  Dubl.  Phil.  Mag.  1842,  vol.xxi  p.  180;  aad  Mak  N. 
PhiL  Journ.  1842,  vol.  xxxiil  p.  352. 


RAMSAY — DRIFT  AND  GLACIERS  OF  N.  WALES. 


375 


Fig.  1. — Diagram  illustrative  of  the  damming  up  of  lakes  by  means 
of  moraines,  as  in  the  case  of  Llyn  Idwal,  and  of  the  relation 
of  the  Drift  to  the  subsequent  Glacier-conditions. 


Silurian  Rocks. 


1.  Moraine  forming  the  dam  of  the  lake. 

3.  Groored  and  pofiahed  surfaces  formed  by  more  ancient  glaciers. 
3.  Pleistocene  "  drift "  at  an  deration  of  2300  feet. 

There  are  other  cases,  as  in  Cwm  Graianog,  Nant  Francon  (see 
fig.  2),  where,  the  drainage  immediately  percolating  the  loose  piles  of 
stones,  no  pent-up  water  is  found  within  the  barrier. 

Fig.  2. — Cum  Graianog,  Nant  Francon,  having  a  terminal  moraine 
of  loose  stones  which  admits  of  the  drainage  of  the  valley. 


But  these  moraines  are  often  at  a  lower  level  than  much  of  the 
Pleistocene  "drift,"  as  in  the  case  of  Llyn  Idwal,  where  the  level  of  the 
lake  is  about  1000  feet  beneath  the  level  of  the  ordinary  "drift"  on  the 
summit  of  the  cliffs,  which  I  have  already  stated  is  in  a  high  isolated 
valley,  open  at  both  ends  (see  p.  372) .  It  is  without  tributary  valleys, 
and  the  small  rivulet  which  gradually  gathers  in  its  hollow,  and  flows 
into  the  Pass  of  Llanberis,  has  rarely  succeeded  in  cutting  through 
the  drift  of  the  higher  ground  to  the  solid  rock  beneath.    It  is  im- 
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portant  here  to  recall  the  circumstance  that  the  "drift"  of  this  vaBey 
attains  an  elevation  about  eoual  to  that  of  similar  deposits,  which  mm* 
be  traced  without  a  break  from  the  seaward  flanks  of  Carnedd 
Llewelyn  to  the  shores  of  the  Menai. 

If,  therefore,  the  loose  moraine-heaps  of  Cwm  Idwal  had  bees 
formed  during  the  (jxeat  glacier  period  already  mentioned,  it  wohU 
either  in  all  probability  have  been  destroyed  during  the  df  pressing 
and  re-elevation  of  the  land  that  followed  that  period,  or  it  wosU 
have  been  covered  over  and  smothered  in  the  succeeding  drift. 

I  am  therefore  forced  to  the  conclusion,  that  there  were  two  glacier 
periods  in  this  land ;  first,  one  preceding  our  Pleistocene  ikpoaw  ■> 
and, a  second  on  a  much  smaller  scale,  either  when  the  land  m 
rising  from  the  Pleistocene  sea,  or  possibly  when  during  a  portaon  of 
this  process  of  rising  it  attained  a  nigher  elevation  than  at  present. 
The  moraines  of  these  latter  glaciers  are  to  be  seen  in  the  mnwwSM 
and  recesses  of  the  higher  valleys,  such  as  Cwm  Idwal  and  Cwm 
Graianog,  and  in  the  valley  of  Llyn  Llydaw  and  Cwm-y-Ctorvrm* 
on  the  flanks  of  Snowdon,  and  also  in  the  upper  part  of  CwmJflaiax, 
where  a  small  lake  has  been  drained  by  the  stream  cutting  ks  wwy 
to  the  base  of  the  moraine41.  These  moraines  are  often  of  a  maaarve 
character,  being  composed  of  piles  of  heavy  angular  stones  heaped 
rudely  together.  In  Cwm  Graianog,  on  the  summit  of  the  pile  of 
smaller  blocks,  half  way  between  the  bounding  hills,  there  is  a  sftoor, 
now  split  by  the  weather,  measuring  33  x  27  x  4^  feet,  and  weigfaana? 
about  250  tons.  The  shortness  of  the  courses  of  these  glaciers  as 
first  seemed  to  me  a  great  difficulty,  varying  as  some  of  them  do 
from  i  of  a  mile  to  1^  mile  in  length.  An  examination  of  the  maps 
of  MM.  Schlagintweitf  removed  this  objection,  for  on  ground  of 
similar  form  glaciers  equally  short  are  not  uncommon.  In  Wales 
true  moraines  never  occur  in  the  main  valleys  opening  into  low  tracts 
approaching  the  sea.  In  many  of  these  valleys  even  most  of  the 
drift  has  been  removed,  by  means  which  at  a  future  period  I  hope 
to  explain. 

*  The  glacier  has  originally  extended  beyond  this  point,  having  in  its  w— 
scooped  out  a  long  ttraight  koOow  in  the  drift.  That  this  was  not  boQowed  mm 
by  the  stream  is  evident  from  the  circumstance  that  the  surface  of  mOmmmi  ikliii— 
is  not  thickly  strewed  with  boulders  accumulated  by  the  gradual  rem**!  of  iaftar- 
mingled  smaller  sediment  by  means  of  river-action.  The  broad  terrace  of  drift  am 
the  right  bank  of  the  stream  is  thoroughly  charged  with  such  boulders,  oftea  m£ 
large  size.  The  removal  of  the  lighter  material  by  river-action  would  have  eaav 
centrated  these  on  the  surface  of  the  straight  alluvial  hollow  through  which  taw 
stream  flows.  This  concentration  of  boulders  may  be  seen  in  many  of  the  Caer- 
narvonshire valleys.  A  well-marked  instance  occurs  on  the  banks  of  the  river 
Gorfai,  two  miles  S.  and  S.E.  of  Caernarvon. 

f  Untcrsuchungen  uber  die  phys.  Geogr.  der  Alpen,  8vo.  18H>« 
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June  2,  1852. 

W.  H.  Gomonde,  Esq.,  J.  H.  Blofeld,  Esq.,  and  Dr.  Finlay,  R.N., 
were  elected  Fellows. 

The  following  communications  were  read  : — 

1 .  On  the  Geology  of  the  Bahamas,  and  an  Coral-formations 

generally.    By  Capt.  R.  J.  Nelson,  R.E. 

[Communicated  by  Sir  C.  Lyell,  V.P.G.S.] 

2.  On  some  Fossil  Plants  from  the  Lower  Trias  of  Warwick- 

shire.   By  Dr.  G.  Lloyd,  F.G.S. 

[This  paper  was  withdrawn  by  the  Author,  with  the  permission  of  the  Council.] 

June  16,  1852. 

M.  J.  Scobie,  Esq.,  was  elected  a  Fellow. 

The  following  communications  were  read : — 

1 .  On  a  protruded  mass  of  Upper  Ludlow  Rock  at  Hagley  Park 
m  Herefordshire.  By  H.E.  Strickland, Esq., F.R.S., F.G.S. 

So  laboriously  minute  have  been  the  researches  of  the  Officers  of 
the  Geological  Survey  of  Great  Britain,  that  it  is  only  where  some 
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fresh  sections  have  been  subsequently  exposed  by  the  operation*  of 
nature  or  of  man  that  any  material  additions  or  corrections  of  that 
Survey  can  be  looked  for.  A  case  of  the  kind  has  lately  occmied  m 
Herefordshire,  revealing  a  small  protrusion  of  Silurian  rocks  in  the 
midst  of  the  Old  Red  Sandstone,  and  accompanied  by  < ' 
of  some  geological  interest. 

A  quarry  having  been  opened  near  the  base  of  the  Old  Bed 
stone,  a  few  hundred  yards  west  of  Hagley  House,  near  Lugwaidine, 
and  a  deep  drain  having  been  cut  from  the  quarry  towards  the  8JEL, 
the  junction-beds  of  the  Old  Red  Sandstone  and  of  the  Upper  Lud- 
low Rock  were  unexpectedly  exposed.  This  drcumstance  attracted 
the  notice  of  M.  J.  Scobie,  Esq.,  of  Hereford,  to  whom  I  am  in- 
debted for  having  my  attention  drawn  to  the  spot,  and  for  many  in- 
teresting organic  remains  and  geological  details  which  his  residence  m 
the  vicinity  enabled  him  to  collect.  I  must  also  express  my  obliga- 
tions, and  those  of  the  other  geological  friends  who  accompanied  sac, 
to  Robert  Biddulph  Phillipps,  Era.,  the  owner  of  the  land,  who 
kindly  caused  part  of  the  quarry  to  oe  re-opened  for  our  inspection. 

The  area  of  Silurian  rocks  here  exposed  on  the  surface  does  not 
exceed  three  or  four  acres ;  it  consists  of  yellowish  sandstones  refer- 
able to  the  "  Downton  Sandstones "  of  Sir  Roderick  Miircluson, 
resting  on  grey  micaceous  Upper  Ludlow  schists,  and  dipping  on  all 
sides  beneath  the  sandstones  and  marls  of  the  Old  Red  Series.  Tbey 
seem  to  form  a  portion  of  a  very  flattened  dome,  and  the  qnarry, 
which  extends  about  seventy  yards  from  N.W.  to  8.E.,  cuts  through 
this  dome  on  its  south-western  slope.  Such  at  least  is  the  conchniosi 
drawn  from  the  dip  of  the  beds,  which  at  the  north  end  of  the  quarry 
is  about  10°  N.W.  by  W. ;  at  the  middle  of  the  quarry,  5°  W.N.W. ; 
about  twenty  yards  further  S.,  8°  W.S.W. ;  and  at  the  southern 
extremity,  7°  S.S.W.  The  following  section  is  here  exposed  in  de- 
scending order,  as  far  as  the  irregularities  of  the  stratification  persist 
them  to  be  measured. 

f  2.  Hard  brownish  sandstone  „   1  • 

3.  Flaggy,  slightly  micaceous,  brown  sandstone  ...  1  • 

4.  Highly  micaceous,  thin-bedded,  brown  isihIiIosm  t  • 

5.  Band  of  clay  and  rubble,  about   ~  S  S 

6.  Micaceous  yellowish  sandstone,  with  moss  of 
carbonized  plants   2  • 

7.  Clay  and  rabble  -   •  f 

8.  Micaceous  yellowish  sandstone,  with  nu 


Downton  Sandstones. 


fragments  of  carbonised  plants   4  • 

[9.  Bones,  teeth,  and  scales  of  fish,  about   •  1 

Upper  Ludlow  Rocks.  •  10.  Grey  micaceous  shale,  effervescing  with  acid. 

full  of  fossils,  about    4  • 

If  1 

The  vegetable  remains  in  the  beds  Nos.  6  and  8  are  interesting 
from  their  extreme  antiquity,  but  in  general  present  no  traces  of  their 
organic  structure.  They  are  merely  rounded  and  water-worn  frag- 
ments converted  into  a  coaly  mass,  which  cracks  in  drying.  Whea 
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ignited,  these  fragments  burn  like  anthracite,  without  smoke  or  flame, 
and  remain  ignited  until  they  are  reduced  to  a  light  white  ash.  The 
occurrence  of  vegetable  remains  in  the  corresponding  beds  at  Down- 
ton  Castle  is  noticed  by  Sir  R.  Murchison  *  and  near  Stoke  Edith,  and 
in  the  May  Hill  district  by  Prof.  Phillipsf. 

The  bed  No.  9  is  interesting  as  being  unquestionably  the  repre- 
sentative of  the  "  Ludlow  Bone  Bed,"  described  by  Sir  R.  Murchi- 
son J.  His  description  of  this  deposit  near  Ludlow,  as  "  a  mass  of 
scales,  ichthyodoralites,  jaws,  teeth,  and  coprolites  of  fishes,  united 
by  a  gingerbread-coloured  cement,"  is  precisely  applicable  to  the 
stratum  at  Hagley.  The  cement  which  unites  the  bones  is  calcareous 
and  imperfectly  crystalline,  exhibiting  a  chatoyant  lustre  when  the 
eye  catches  the  light  reflected  from  the  cleavage-planes.  This  sin- 
gular deposit  of  ichthyic  remains  occurs  as  a  thin  band,  in  some 
places  no  thicker  than  a  wafer,  and  gradually  increasing  at  other 
points  to  about  an  inch  and  a  half  in  thickness,  as  if  deposited  by 
eddies  in  shallow  depressions  of  the  sea-bottom  §.  These  minute 
osseous  fragments  are  mostly  much  water- worn  and  highly  polished 
by  mutual  friction.  Some  of  them  are  black,  but  the  majority  are  of 
a  yellowish  or  ferruginous  tint.  As  very  few  of  the  bones  or  teeth 
are  sufficiently  perfect  to  indicate  generic  or  specific  characters,  we 
are  only  able  to  enumerate  the  following : — 

Spines  of  Onchus  Murchisoni,  Agass.,  Sil.  Syst.  pi.  4.  f.  10. 
Teeth  of  Thelodus  parvidens,  Agass.,  Sil.  Syst.  pi.  4.  f.  34-36. 
Teeth  resembling  that  figured  in  Sil.  Syst.  pi.  4.  f.  37,  but  serrated 

at  the  margin. 
Ganoid  scales. 

The  only  molluscous  remains  in  the  fish-bed  are  the  Orbicula  ru- 
ff ata,  Sil.  Syst.  pi.  5.  f.  11,  and  an  Orthi*. 

In  some  places  fragments  of  coaly  matter,  similar  to  that  in  the 
bed  No.  8,  are  mixed  up  with  these  osseous  remains.  One  of  these 
carbonaceous  pellets  seems  to  be  the  seed  of  some  terrestrial  plant. 
It  is  globular,  about  a  quarter  of  an  inch  in  diameter,  and  being 
broken  across  exhibits  a  central  cavity,  the  parietes  of  which  are  about 
one-tenth  of  an  inch  thick,  and  composed  of  fibres  radiating  to  the 
external  surface  || . 

The  bed  No.  10  corresponds  in  character  with  the  uppermost 
strata  of  the  Ludlow  Rocks  wherever  they  are  visible  in  the  neigh- 
bourhood. It  is  a  fine-grained  sandy  shale,  of  a  greenish  or  greyish 
colour,  abounding  with  small  particles  of  mica,  and  effervescing  with 

*  Silurian  System,  p.  197.  t  Mem.  GeoL  Survey,  vol.  ii.  pp.  176, 188,  312. 
%  Sil.  Syst  p.  198. 

§  Precisely  the  same  conditions  exist  in  the  case  of  the  well-known  bone-bed 
at  the  base  of  the  Lias,  and  are  doubtless  due  to  the  difference  between  the  specific 
gravity  of  the  fish-bones  and  that  of  the  arenaceous  grains  of  the  sea-bottom, 
causing  the  former  to  be  separated  from  the  latter  by  the  action  of  the  currents. 

U  I  propose  on  a  future  occasion  to  give  a  fuller  description  of  these  singular 
bodies,  which  have  since  been  detected  in  the  same  stratum  at  several  other 
localities. 

2c2 
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acids,  although  not  sufficiently  calcareous  to  deserre  the  none  of  a 

limestone. 

The  following  organic  remains  occur  in  it  at  HagLey  Quarry : — 

Cyathophyllum  7 

Favosites  polymorpha,  Gold/,  sp.,  SO.  8yst.  pi.  15.  f.  2. 
Cophinus  dubius,  Kdnio,  Sil.  Syst.  pi.  26.  f.  12. 
Cnnoidal  stems  (pentagonal). 

Cyathocrinites  macrostylus,  PhiUip*,  Mem.  Geol.  Surr.  vL  p.  384. 
Serpulites  longissimus,  Murch.,  SU.  Syst.  pi.  5.  f.  1. 
Homalonotus  Kniffhtii,  Konig,  Sil.  Syst.  pi.  7*  f.  1»  2. 
Calymene  Blumenbachii,  Brongn.,  Sil.  Syst.  pi.  7.  f.  5. 
Rhynchonella  semisulcata,  Dalm.  sp.  (TerebrahUa  lacuno**,  SiL  Sy*. 

pi.  5.  f.  19). 

 Wilsoni,  Sow.  sp.,  Sil.  Syst.  pi.  6.  f.  7  a. 

 nucula,  Sow.  sp.,  Sil.  Syst.  pi.  5.  f.  20. 

Orthis  orbicularis,  Sow.,  Sil.  Syst.  pi.  5.  f.  16. 

 lunata,  Sow.,  Sil.  Syst.  pi.  5.  f.  15. 

Strophomena  filosa,  Sow.  sp.,  Sil.  Syst.  pi.  13.  f.  12. 

Leptaena  saranulata,  Schlott.  sp.  (L.  lata,  Sil.  Syst.  pi.  5.  f.  13). 

Orbicula  striata,  Sow.,  Sil.  Syst.  pi.  5.  f.  12. 

—  rugata,  Sow.9  Sil.  Svst.  pi.  5.  f.  1 1. 
Lingula  minima,  Sow.,  Sd.  Syst.  pi.  5.  f.  23. 
Orthonota  amygdalina,  Sow.  sp.,  Sil.  Syst.  pi.  5.  f.  2. 

 retusa,  Sow.  sp.,  Sil.  Syst.  pi.  5.  f.  5. 

Ayicula  ampliata,  Phillips,  Mem.  Geol.  Suit.  ii.  pi.  23.  f.  1. 
Orthoceras  hullatum,  Sow.,  SO.  Syst.  pi.  5.  f.  29. 

 perelegans,  Salter,  Mem.  Geol.  Surr.  iL  pL  13.  f.  2. 

 ibex,  Sow.,  Sil.  Syst.  pi.  5.  f.  30. 

 gregarium?,  Sow.,  SO.  Syst.  pi.  8.  f.  16. 

Many  of  these  fossils,  especially  the  Ortkoeerata,  are  penetrated 
with  sulphuret  of  iron,  whicn  giyes  them  a  bright  metallic  gloss. 

In  addition  to  the  above-mentioned  invertebrate  forma,  an  in t treat 
ing  portion  of  a  crustacean  has  been  forwarded  to  me  by  Mr.  M.  J. 
Scobie  from  the  Upper  Ludlow  shale  underlying  the  bone-bed,  of 
which  Mr.  Salter  has  kindly  undertaken  the  description.  (Seep.  386.) 

Traces  of  ichthyic  remains,  especially  the  minute  teeth  of  TOaWbs 
parvidens,  are  occasionally  found  interspersed  in  the  bed  No.  10,  bat 
never  in  the  same  abundance  as  in  No.  9. 

Having  now  enumerated  the  strata  of  Hagley  quarry  and  their 
organic  contents,  I  must  make  a  few  remarks  on  the  geological  phe- 
nomena attending  them. 

It  was  stated  above  that  the  beds  here  exposed  assume  the  form  of 
a  flattened  dome.    By  reference  to  the  map  it  wOl  be  seen  that  this 

Srotruded  dome  is  about  half  a  mile  to  the  N.W.  of  the  weD-known 
yke  of  greenstone  at  Bartestree,  which  cuts  through  horizontal  strata 
of  Old  Red  Sandstone,  and  runs  in  an  E.N.E.  direction  towards  the 
S.  edge  of  the  protruded  Silurian  mass  of  Shucknall  Hill*.  About 

•  See  Morchiwn,  Sil.  Sjnt  p.  185 ;  and  Phillips,  Mem.  Geol.  Sot.  wjL  &>  aw  ISfc 
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a  mile  and  a  half  farther  to  the  S.E.,  we  come  to  the  elevated  region 
of  Woolhope,  the  axis  of  which  runs  for  more  than  ten  miles  still  in 
a  S.E.  direction.  It  appears,  therefore,  that  the  ejection  of  the  trap- 
dyke  at  Bartestree,  together  with  this  protrusion  of  Silurian  rocks  at 
Hagley  Park,  occur  exactly  on  the  axial  line  of  the  great  elevation  of 
Woolhope. 

But  though  this  coincidence  of  position  deserves  notice,  yet  the 
forces  which  have  caused  these  minor  protru- 
sions have  in  fact  acted  nearly  at  right  angles 
to  the  direction  indicated.  The  Woolhope 
region,  though  possessing  an  axis  from  N.W. 
to  S.E.,  is  essentially  an  area,  and  not  a  line, 
of  elevation.  Its  pressures  have  been  distri- 
buted, not  in  two  opposite  directions  from  an 
axis,  but  in  every  direction  from  a  centre.  In 
conformity  with  this  view  we  find  that  in  its 
north-western  portion  it  is  cut  through  by  the 
"great  Mordiford fault,"  running  Nj5.  by  E. 
(or  nearly  at  right  angles  to  the  major  axis), 
and  causing  the  strata  about  Donnington  and 
Stoke  Edith  to  assume  the  same  strike.  Be- 
yond the  Woolhope  area  we  find  the  valley  of 
the  River  Frome,  the  Bartestree  Dyke,  and 
the  protruded  Silurian  mass  of  Shucknall  Hill 
assuming  almost  exactly  the  same  east-north- 
easterly direction.  And  in  the  small  dome- 
like protrusion  of  Hagley  Park,  which  lies 
parallel  to  Bartestree  Dyke,  and  precisely  in 
the  axis  of  Shucknall  Hill,  we  find  a  further 
proof  of  the  same  movement. 

It  appears  probable,  then,  that  the  pressure 
caused  J>v  the  elevation  of  the  central  dome 
of  the  Woolhope  area,  acting  in  every  direc- 
tion, has  on  the  north-west  side  caused  great 
undulations  in  the  Silurian  and  Devonian  strata 
which  lie  beyond  the  region  of  actual  elevation. 
In  two  instances,  that  of  Shucknall  Hill  and 
of  Hagley  Park,  the  denudation  of  the  Old 
Red  Sandstone  has  exposed  to  view  the  sub- 
jacent Silurian  rocks  on  the  summits  of  these 
undulations.  Great  shattering  and  disloca- 
tion would  of  course  accompany  these  move- 
ments, and  in  the  Bartestree  Dyke  it  is  inter- 
esting to  find  one  of  the  great  crevices  thus 
formed,  and  filled  with  eruptive  matter  derived 
from  the  Plutonic  region  where  all  these  great 
movements  originated. 

The  accompanying  section  will  serve  to  show 
the  relations  in  which  the  Hagley  protrusion 
stands  to  the  Bartestree  dyke  and  the  Wool- 
hope  elevation.   
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2.  Description  of  the  Pterygotus  problematicus*  4gm. 
By  J.  W.  Salter,  Esq.,  F.G.S. 

[Plate  XXI.] 

The  limbs  of  this  interesting  Silurian  fossil  not  having  been  hitherto 
discovered,  the  present  specimen  is  of  considerable  interest,  as  con- 
necting it  satisfactorily  with  the  species  so  fully  figured  by  Agassis, 
which  was  obtained  from  the  basement-beds  of  the  Old  Bed  Sand- 
stone of  Forfarshire*.  But,  though  of  the  same  genus  with  the 
Scotch  fossil,  it  presents  characters  which  separate  it  specifically. 

As  there  are  on  the  same  slab  with  it  numerous  specimens  of 
Avicula  retro/texa,  Hisinger,  with  Ortkis  hmata  and  Orbicwlm  rm- 
gata,  there  can  be  no  doubt  of  its  being  in  the  Upper  Ludlow  rock  ; 
and  we  are  therefore  justified  in  considering  it  as  belonging  to  the 
species  which  is  so  common  (always  in  a  fragmentary  state)  in  the 
same  stratum  throughout  Shropshire,  Herefordshire,  and  the  Martens; 
and  a  fragment  of  the  carapace  of  which  is  figured  by  Agassis,  SiL 
Syst.  pi.  4.  f.  4,  5. 

Of  the  two  fragments  on  the  slab,  the  best  preserved  is  that  of  a 
finger  (probably  the  fixed  one),  PI.  XXI.  fig.  1.  It  is  2}  inches 
long  and  7i  lines  broad,  exclusive  of  the  spines,  and  of  equal  breadth 
throughout ;  but  it  neither  shows  the  base  nor  the  tip,  and  must  have 
been  considerably  longer.  The  substance  is  very  thin,  sections  of  the 
broken  ends  showing  this  condition  very  plainly. 

The  spines  along  the  inner  edge  are  long,  conical,  or  almost  cylin- 
drical, and  are  set  rally  their  own  breadth  apart :  they  are  of  varms 
sizes,  several  small  ones  being  interposed  between  the  larger  spsnea. 
There  are  seventeen  of  the  smaller  spines  on  the  fragment,  each  aboat 
a  line  high ;  there  are  two  larger  ones  about  \  inch  in  length,  and 
one  large  spine  towards  the  middle,  which  is  broken,  but  its  base  is 
\  inch  broad.  All  the  spines  turn  a  little  backward  (as  in  P.  mm- 
glicus,  Ag.)  and  are  finely  striated  lengthwise,  rather  obliquely.  The 
surface  of  the  finger  itself  is  very  ill  preserved  and  crushed ;  it  appears 
not  to  have  been  quite  smooth,  and  there  are  scattered  small  tuber- 
cles toward  the  inner  edge,  as  well  as  minute  prickles  interspersed 
between  the  spines. 

In  P.  anglicus,  as  figured  by  Agassis,  the  spines  are  much  larger 
and  more  coarsely  striate,  and  they  stand  so  close  together  that  their 
bases  often  touch ;  they  are,  too,  fewer  in  number  than  in  our  rotsfl, 
and  the  finger  is  shorter  than  this  appears  to  have  been. 

The  other  fragment,  fig.  2,  is  more  doubtful ;  it  has  spines  along 
its  margin  like  the  last,  but  they  are  much  larger  (about  4  lines  long), 
and  more  closely  placed,  so  that  their  bases  approach  each  other. 
There  are  also  small  prickles  interspersed  as  in  the  last.  Bat  the 
margin  on  which  they  are  set,  instead  of  being  slightly  concave,  is 
considerably  convex,  and,  unless  it  has  been  much  curved  by  pressure, 
could  hardly  have  belonged  to  the  extremity  of  the  limb.  On  this 
fragment,  but  probably  not  connected  with  it,  there  is  a  large  conical 
spine  or  articulation,  constricted  at  its  base ;  it  is  an  inch  long  by 

*  Pois*.  Fosj.  du  Vicux  Gr*s  Rouge,  p.  xix.  note,  and  pi  A- 
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5  lines  broad,  and  has  one  of  its  edges  closely  serrated.  It  is  of  the 
same  thin  substance  as  the  other  fragments,  and  is  striated  longitu- 
dinally, like  the  other  spines,  the  striae  radiating  upwards  from  its 
base.  It  is  perhaps  the  terminal  joint  of  one  of  the  feet,  or,  if  arti- 
culated with  the  fragment  to  which  it  is  attached,  it  might  indicate 
one  of  the  lateral  appendages  such  as  are  found  in  the  abdomen  of 
Limulus,  and  the  convex  spiny  border  might  then  well  be  part  of 
the  abdomen  itself.  This,  I  am  inclined  to  think,  is  the  right 
explanation. 

In  the  collection  of  the  Geological  Surrey  there  are  fragments  of 
the  limbs  of  this  Crustacean,  found  in  the  *  Tilestones '  at  the  base 
of  the  Old  Red  Sandstone  at  Kington,  Presteign.  Two  or  three 
joints,  each  about  an  inch  lone,  and  the  broadest  more  than  half  an 
inch  in  width,  are  found  together ;  they  are  compressed  toward  their 
inner  edges,  and  thickened  on  the  back  or  outer  edge,  which  is  also 
marked  by  several  of  the  semicircular  folds  so  characteristic  of  the 
entire  crust.  With  these  is  associated  a  large  fragment  like  the  tail- 
flap  of  a  lobster  (but  much  more  probably  the  base  of  one  of  the 
thoracic  feet),  of  which  a  fragment  measures  2\  inches ;  it  is  very 
thick  on  one  side,  and  towards  its  outer  margin  is  covered  by  closely 
set  tubercles,  which  become  small  spines  on  the  edge  itself.  The 
thick  portion  is  smooth  externally,  or  has  only  a  few  of  the  charac- 
teristic folds ;  and  the  outer  edge  shows  no  trace  of  the  large  crowded 
spines  or  appendages  so  conspicuous  in  this  portion  of  the  P.  an- 
glicus. 

It  is  probable  that  there  are  numerous  species  of  the  genus  in  the 
old  rocks.  Fragments  with  the  characteristic  markings  occur  in 
Upper  Silurian  strata  at  Gasped  Lower  Canada ;  and  portions  of  the 
limbs  of  a  Bohemian  species  have  been  figured  by  the  late  M.  Corda 
as  the  feet  of  Brontes  *,  a  genus  of  Trilobites. 

Naturalists  seem  to  be  agreed  that  the  Pterygotus  was  a  gigantic 
Entomostracan,  and  Agassiz  published  it  as  such,  in  the  explanatory 
note  to  his  figures.  It  differed  from  Limulus  in  having  the  segments 
of  the  abdomen  freely  articulating  with  each  other  t>  in  this  respect 
agreeing  with  Eurypterus,  a  genus  of  equally  gigantic  Crustaceans, 
which  Prof.  M'Coy,  I  think  very  happily,  arranges  in  the  Poecilopoda. 
He  has  examined  perfect  Scotch  specimens  of  Pterygotus,  and  tells 
me  that  "  the  eye-like  pits  on  the  shield  are  very  like  those  of  Eury- 
pterus,  but  they  are  as  large  as  the  orbits  of  a  horse's  eye."  I  hope 
he  may  be  induced  to  present  his  notes  on  this  genus  and  his  drawings 
to  the  Society. 

*  Prodr.  Trilob.  Sil.  Syst  Bohdme,  pi.  4.  f.  33. 

f  It  may  be  worth  while  here  to  remark,  as  there  seems  to  be  a  misconception 
about  it  on  the  part  of  some  foreign  naturalists,  that  the  LimuU  of  the  Coal-for- 
mation (BeUmurtu,  Konig)  differ  in  nothing  from  the  true  LimuU  except  in  the 
points  of  the  anchylosed  abdominal  segments  being  more  produced ;  they  are  by 
no  means  separate  or  movable,  as  numerous  specimens  show.  The  eyes  too, 
though  not  well  shown  in  Mr.  Prestwicb's  figures  (Trans.  GeoU  Soc.  2  Ser.  vol.  v. 
pi.  41),  are  in  the  usual  position  in  all  the  species. 
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EXPLANATION  OF  THE  FIGURES. 
Pl.  XXI.  Pterygoids  problem aticus. 

Fig.  1  a.  Part  of  the  claw  of  Pterypotnt  probtematicm,  Agss**,  frosn  the  Cpscr 
Ludlow  Rock  of  Hagley  Park,  Herefordshire :— this  it  probably  the  turf 
finger,  and  shows  the  striated  spines  of  unequal  siae. 

Fig.  1  b.  Some  of  the  spines,  magnified. 

Fig.  2  a.  From  the  same  slab : — a  portion  probably  of  the  spinous  edge  of  the  ab- 
domen, with  one  of  the  lateral  appendages  (*)  attached. 

Fig.  26.  The  appendage,  fig.  2«*,  magnified,  to  show  the  radiating  stria*  md 
lateral  teeth.  This  large  spine  or  appendage  may  possibly  be  a  tsmsasl 
joint  of  one  of  the  feet,  pressed  against  the  fragment,  fig.  2  a,  baa  ass 
articulated  with  it. 


3.  Description  of  some  Graptolites  from  the  South  of  Scotland. 
By  J.  W.  Salter,  Esq.,  F.G.S. 

Mr.  Harkne8s  has  been  so  good  as  to  send  me  specimens  of  massy 
Graptolites  he  has  collected,  and  information  respecting  sereral  of 
the  localities  mentioned  in  his  paper,  on  the  Silurian  Bocks  of  the 
South  of  Scotland,  which  appears  in  this  Number  of  the  Journal. 

He  has  added  one  very  interesting  species  to  the  British  hat,  by 
finding  the  Diplograpsus  teretiusculus,  Hisinger,  a  specks  charac- 
teristic of  the  alum  slates  of  Sweden,  at  Glenkiln,  Dumfriesshire. 
He  has  also  found  D.  ramosus,  Hall,  at  Hartfell  in  the  same  district : 
this  previously  was  only  known  in  Wigtonshire. 

Numerous  specimens  collected  by  him  of  the  Rastrite*  rnamyw 
latus,  Harkness,  prove  it,  as  Prof.  M'Coy  had  sxurmised,  to  be  only 
the  younger  portion  of  Grapt.  Sedgwickti,  Portlock.  A  large  series 
too  of  G.  incisus,  Harkness,  enables  us  to  refer  that  species  to  G.  aav 
gittarius  of  Hisinger,  of  which  there  are  good  specimens  in  Use 
Society's  Museum,  and  which  has  been  lately  well-figured  by  Geinits+. 
A  figure  of  its  young  and  full-grown  stages  are  given,  PI.  XXI.  fig.  8. 

Mr.  Harkness  also  permits  me  to  correct  an  error  into  which  he 
was  led  in  his  previous  memoir  J.  The  strata  of  South  Kirkcudbright- 
shire have  been  hitherto  referred  to  the  age  of  the  Wenlock  shale, 
but  the  species  of  Graptolites  quoted  by  Mr.  Harkness  from  that 
locality,  would  invalidate  this  reference;  vis.  GraptoHte*  (DipU* 
grapsus)  foliaceus,  Murch.,  G.  tctnia,  Salter,  and  G.  ludenm*>  March. 

With  regard  to  the  first  species,  the  evidence  when  examined  tarns 
out  to  be  quite  inconclusive,  and  there  is,  as  yet,  no  instance  in 
Britain  of  a  double-graptolite  being  found  above  the  Caradoc  sand- 
stone. 

G.  tcenia  of  his  list  proves  to  be  an  indeterminable  fragment,  and 
the  species  itself,  founded  as  it  was  on  an  imperfect  specimen,  most 
be  cancelled  §.    Geinitx  has  already  referred  it  to  G.  iagittmrim*. 

t  Vei-stein.  Grauwackenform.  Sachs.  Heft  1.  Die  Graptotithen,  t.  2.  fga.  2-7. 
X  Quart.  Joura.  Geol.  Soc  voL  riL  p.  55. 

§  The  same  most  he  said  of  Grmpt.  Jurat,  Nicol,  described,  hat  not  irarrd,  si 
the  Quart.  Joum.  Geol.  Soc  vol.  ri.  p.  64.  Host  of  the  specimens  are  nsliiswsi 
impressions,  and  offer  very  little  to  distinguish  them  from  G.  asytlf si  wn. 
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G.  ludensis,  therefore,  only  remains,  as  quoted  by  me  in  the  list 
given  in  Prof.  NicoPs  paper*.  It  is  accompanied  however  by  another 
species,  apparently  an  undescribed  form,  with  cells  closely  set,  each 
with  a  long  decurved  spine  from  its  upper  edge.  I  have  called  it 
G.  Fletningii,  and  figures  and  a  description  are  subjoined. 


Diplograpsus  terbtiusctjlus,  Hisinger,  sp.  PI.  XXI.  figs.  3,  4. 

Prionotus  teretiusculus,  Hisinger,  Lethsea  Suecica,  Supp.  2  (1840), 
p.  5.  t.  38.  f.  4. 

O.  teretiusculus,  Scharenberg  (1851),  Ueber  Graptol.  t.  2.  f.  17-32. 
G.  personatus,  Scharenberg,  ibid.  t.  1.  f.  12. 
G.  teretiusculus,  Geinitz  (1852),  Verstein.  Grauwack.  Sachs,  heft  i. 
p.  26. 

Spec.  Chak.  Cylindrical  aut  subcompreasus,  insuper.et  subter  lineft  mediant 
rect&  vel  subundulatA  exaratus ;  cellularum  oribns  transverse  oblongo-ovalibus, 
diametrum  suum  verticalem  sese  distantibus,  simplicibus,  nec  ad  marginem 
inferiorem  prominulia,  subtui  in  lineam  impressam  brevem  utrinqae  exce- 
dentibus. 

alindrical,  rather  quickly  tapering  at  the  small  end,  smooth, 
ed  down  the  upper  and  lower  side  by  an  impressed  median  line, 
which  is  generally  straight,  but  sometimes  a  little  wavy  between  the 
two  rows  of  cells.  The  mouths  of  the  cells  are  transverse,  oval-ob- 
long, a  little  curved  down  on  each  side  so  as  to  be  obscurely  lunate, 
their  edges  not  at  all  projecting  from  the  general  surface  ;  they  are 
placed  nearly  their  own  breadth  apart  from  one  another  in  the  full- 
grown  part,  and  there  appear  to  occupy  the  whole  width  of  the  tube 
(in  the  voting  part  they  are  smaller  and  more  distant  proportionally). 
From  the  base  of  the  mouth  on  each  side  a  short  impressed  line 
extends  downward,  but  not  so  far  as  to  the  succeeding  cell-mouth, 
and  either  parallel  to  the  median  line  or  very  slightly  inclined  towards 
it.    The  surface  shows  transverse  lines  on  all  parts. 

We  have  compared  this  well-marked  species  with  excellent  speci- 
mens, from  the  alum  slate  of  Scandinavia,  in  the  collection  of  the 
Geological  Society.    Hisinger* s  figure  is  a  very  bad  one. 

The  axis  of  this  species,  as  in  G.  bicornis,  Hall,  and  some  others  of 
the  same  group,  is  narrower  than  the  general  thickness,  so  as  in  this 
case  to  be  visible  only  as  a  longitudinal  constriction  or  impressed  line. 

This  Graptolite,  like  the  D.  rectangularis,  M'Coy,  which  very 
possibly  may  also  belong  to  the  species  we  are  describing,  is  re- 
markable for  having  the  cell-mouths  simply  excavated  in  the  sides, — 
the  lower  edge  not  at  all  projecting  as  it  does  in  all  the  other  foliar 
ceous  Graptolites ;  indeed,  in  this  species  the  openings  are  a  little  sunk 
beneath  the  general  surface,  so  as  to  render  the  interspaces  somewhat 
tumid. 

Locality.  Glenkiln,  Dumfriesshire.  The  species  occurs  also  in 
Anglesea,  N.  Wales,  in  considerable  perfection. 

*  Quart.  Journ.  Geol.  Soc.  vol.  ri.  p.  54  &  64. 
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Graptolites  Flkmingii,  n.  sp.    PI.  XXI.  figs.  5,  6,  7. 

Spec.  Char.  Linearis,  plures  uncUs  longtu,  linetm  latw,  dentins  coaieftift; 
cellulis  obliquis  brevibus,  cantlem  oommunem  equantibu,  ore  lata,  ianpcr  im 
spinam  acnminaUm  satis  longam  decurvatam  producto,  mbtm  iaenai. 

Description. — Long,  linear,  about  a  fine  broad,  the  youmr,  part 
narrower.  Edge  closely  dentate,  the  cells  being  about  four  m  the 
space  of  a  line,  oblique,  and  not  occupying  in  their  depth  above  half 
or  a  little  more  of  the  entire  breadth  of  the  shaft ;  they  are  straight, 
not  curved  at  their  base,  and  are  furnished  at  their  upper  edge  with 
a  strong  acuminate  spine,  which  is  curved  downwards  almost  from  its 
origin  and  overhangs  the  wide  concave  margin  of  the  mouth.  The 
latter  at  its  lower  ease  abuts  directly  against  the  succeeding  ceQ,  and 
is  not  at  all  produced.  The  curved  spine  is,  in  full-grown  specimen*, 
equal  in  length  to  three-quarters  the  breadth  of  the  shaft ;  in  youngti 
and  narrower  specimens  it  is  equal  to  it.    Axis  distinct,  narrow. 

The  spines  vary  a  little  in  degree  of  downward  curvature,  but  they 
are  never  direct,  nor  are  they  so  short  as  in  G.  Ckiauera*  Barr.,  a 
species  with  which  ours  is  closely  connected ;  moreover  in  that  species 
the  length  of  the  cells  is  greater  in  proportion  to  the  width  of  the 
shaft,  and  the  lower  edge  of  the  mouth  is  shortly  produced.  We  do 
not  feel  justified  therefore  at  present  in  uniting  them,  but  it  is  quite 
possible  that  other  specimens  may  show  that  the  Bohemian  species 
varies  in  these  characters.  M.  Barrande,  on  a  cursory  view  of  the 
fossil  now  described,  considered  it  to  be  his  G.  colonus ;  but  in  that 
species,  besides  the  spine  being  shorter,  it  is  placed  on  the  lower 
edge  of  the  mouth,  and  the  long  cells  have  a  curve  at  their  base,  as  ia 
G.  priodon.  It  should  be  compared  with  the  species  figured  as 
G.  Sedgwickii  by  Geinitz  (loc.  tit.  pi.  3.  fig.  2). 

Our  numerous  specimens  present  constant  characters.  We  have 
figured  with  the  usual  full-grown  form  (fig.  5  a,  5  b)  a  specimen  or 
two  squeezed  laterally  (figs.  6,  7),  in  which  the  cells  consequently 
appear  oblique  and  elongated.  These  specimens  have  the  cells  longer, 
taking  their  origin  nearer  to  the  back  of  the  shaft,  which  also  shows 
a  shallow  depression  down  it,  where  the  axis  was  placed.  The  spines 
are  very  much  decurved.  These  obliquely  crushed  specimens  show 
at  the  base  of  each  cell  the  impression  of  the  opening,  or  rather  of 
the  edges  of  the  opening,  into  the  common  canal :  this  structure  was 
first  explained  by  M.  Barrande,  and  is  that  which  gives  the  scalari- 
form  appearance  to  the  single  graptolites.  It  is  more  completely 
shown  in  our  figure  of  G.  laxus  (PI.  XXI.  fig.  9),  and  is  also  figured 
by  Geinitz  without  explanation  (/.  c.  t.  2.  f.  35,  36). 

Loc.  Balmae,  Kirkcudbright,  in  great  plenty.  (Wenlock  shale  T) 

Graptolites  Sagittarius,  Linn.    PI.  XXI.  f.  8. 

Prionotus  Sagittarius,  Hisinger,  Lethiea  Suecica,  Supp.p.  1 1 4.U35.  t$. 
G.  incisus,  Harkness,  Quart.  Journ.  Geol.  Soc.  vol.  viL  pi.  1.  f.  8. 
G.  Sagittarius,  Geinitz,  /.  r.  t.  2.  f.  2-7. 
G.  Barrandei,  Scharenberg,  /.  c.  t.  I .  f.  5-7. 
G.  trirgulatus,  Scharenberg,  /.  c.  t.  1.  f.  8-1 1. 
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This  has  been  compared  with  good  specimens  in  the  Society's  col- 
lection from  Sweden,  and  no  difference  can  be  detected.  Mr.  Hark- 
ness  has  favoured  the  Geological  Survey  with  an  excellent  suite,  of 
all  ages,  and,  in  one  or  two,  spines  were  observed  projecting  from  the 
lower  edge  of  the  cell,  as  in  Hisinger's  species.  Prof.  M'Coy  also 
quotes  G.  Sagittarius  from  this  district. 

Description. — Young  specimens  have  the  breadth  of  the  notches  or 
cell-mouths  greater  than  that  of  the  shaft ;  in  middle  age  the  notches 
are  considerably  less  deep,  although  the  oblique  lines  of  division  be- 
tween the  cells  extend  far  inwards  and  leave  but  a  narrow  canal ;  in 
old  specimens,  which  are  frequently  1  line  broad  and  a  foot  long,  the 
depth  of  the  notches  is  about  one-third  of  the  whole  breadth  or 
scarcely  so  much .  The  spine  in  our  best-preserved  specimens  is  longer 
than  in  those  we  have  seen  from  Sweden ;  but  as  so  few  spines  are 
present,  we  cannot  say  if  this  is  constant. 

Localities.  Glenkihi ;  Bran  Burn  ;  Duffkinnell,  &c. 

Note. — The  species  called  G.  Sagittarius  by  Portlock  (Geol.  Rep. 
pi.  19.  f.  8,  and  pi.  20.  f.  1)  has  very  narrow  and  crowded  cells,  placed 
very  obliquely,  and  hardly  projecting  at  all  as  distinct  teeth.  I  find 
that  Col.  Portlock  has  proposed  tor  it  the  name  of  G.  Conybeari  in 
MS.  with  a  description  as  follows  : — "  The  axial  space  wide  and  fiat, 
the  serratures  closely  pressed  together,  their  points  appearing  very 
little  beyond  the  axis." 

Mr.  Sowerby  has  used  this  name  in  his  MS.  Catalogues  of  the 
Collection  of  the  Geological  Society ;  and  it  will,  I  suppose,  be  ge- 
nerally adopted. 

PI.  XXI.  fig.  9. 

Of  G.  laxusf,  Nicol  (Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  64),  it  is 
thought  desirable  to  give  a  figure,  in  order  that  a  comparison  may  be 
made  with  similarly  compressed  specimens  of  G.  Sagittarius. 

These  admirably  show  the  scalariform  appearance  produced  by  the 
somewhat  oblique  compression  of  the  canal  and  cells,  as  explained  in 
Barrande's  treatise  on  the  Graptolites  of  Bohemia,  p.  45-47.  And 
I  think  that  this  condition  is  what  has  chiefly  given  rise  to  Prof. 
M'Coy's  idea,  that  there  is  at  the  base  of  each  Graptolite-cell  a  dia- 
phragm which  nearly  closes  the  base.  When  the  fossil  is  laterally 
compressed,  the  basal  edges  of  the  cells,  which  are  placed  obliquely 
by  pressure,  frequently  run  in  straight  lines  as  in  fig.  9  a  ;  when  the 
compression  has  taken  place  more  in  the  plane  of  the  mouths,  a  double 
series  of  oval  marks  is  the  result,  as  shown  in  fig.  9  b. 

Locality.  Thornielee,  Selkirkshire.    Collected  by  Prof.  Nicol. 

DlTHYROCARIS?  APTYCHOIDES,  U.  Bp.     PL  XXI.  fig.  10. 

This  remarkable  little  fossil  is  figured  rather  to  call  attention  to 
it  than  to  assign  it  a  true  position.  It  is  exceedingly  like  in  form  to 
a  pair  of  the  fossils  called  Aptychus,  but  there  is  a  slight  indentation 
in  each  plate,  just  at  the  umbo  or  inner  angle  (*),  which  does  not 

t  Sec  above,  p.  388,  note. 
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exist  in  Aptycku*.    It  cannot  be  a  bivalve  shell,  but  nost  Kkerj  be- 
longs to  Crustaceans, — the  Pbyllopoda. 
toe.  Duffkinnell,  Dumfriesshire,  in  company  with  1 


EXPLANATION  OP  PLATE  XXL 

PTERTOOTU8  pboblxm atictts. 

Fig.  1  a.  Part  of  the  claw  of  Ptetygotut  prcblewtmticut,  Agsm,  from  As  Upper 
Ludlow  Rock  of  Hsgley  Park,  Herefordshire :  this  ia  probdbiy  the  iae* 
finger,  and  shows  the  striated  spines  of  unequal  size. 

Flg.'l  b.  Some  of  the  spines,  magnified. 

Fig.  2  a.  From  the  same  slab : — a  portion  probably  of  the  spinous  edge  of  the  at> 
domen,  with  one  of  the  lateral  appendages  (•)  attached. 

Fig.  2  6.  The  appendage,  fig.  2  e#,  inagirifted,  to  show  the  radiating  atrial  and 
lateral  teeth.  This  large  spine  or  appendage  may  possibly  b«  a  tsswinai 
joint  of  one  of  the  feet,  pressed  against  the  fragment,  fig.  2  «,  bat  net 
articulated  with  it. 

GmAFTOLms. 


Fig.  3  a.  Diplograpnu  tcrtttwtcuhu,  Hisinger,  sp.  A  cylindrieal  speexsnea  from 
Anglesea,  Collection  of  Mus.  Pract.  GeoL  Natural  size. 

Fig.  3  b.    .  The  same,  magnified. 

Fig.  3c.    ■  .  Lateral  view,  to  show  the 

Magnified. 

Fig.  3d.  .   A  hollow  mould  in  slate,  froan  the  i 

locality,  much  pressed  in  a  longitudinal  direction,  eo  as  to  T 

cells  and  press  them  into  a  zigzag  form. 
Fig.  4 «.   .  A  compressed  i 

shire.   Natural  size. 
Fig.  4  b.   .  The  same,  magnified  j— the 

forming  right-angled  notches  on  the  margin. 
Fig.  5  a.  Graptotitet  FltmingH,  sp.  nov.,  from  S.  Kirtcudbrir^tshire.  Nat.  i 
Fig.  5 b.   .  The  same,  magnified; — the  spines 

decurred. 

Fig.  6.  .  A  specimen  much  pressed  laterally,  so  as  So  render 

the  cells  more  oblique,  and  the  spines  more  decurred.  Magnified 
Fig.  7  a.  .   A  variety  with  less  crowded  cells,  sXsmflariy,  bet 

more  strongly  compressed:  the  spines  very  much  decurred.   la  thai 

specimen,  as  well  as  the  last,  the  impression  of  the  base  of  the  eats  ia 

marked  by  a  transverse  line.   Natural  size. 
Fig.  7  b.  .   The  same,  magnified. 

Fig.  8 «.  QrmptoUtm  asytrtarmt ,  Linn.  A  young  specimen  from  Duaufriesohire. 
Natural  size. 

Fig.  8  b.  .  The  same,  magnified :  the  cells  occupy  snare  than 

half  the  entire  width. 
FSg.  8c.  .  An  older  specimen,  from  the  saase  teoafcty.  He- 

tural  size. 

Fig.  8  d,  .  The  same,  magnified :  some  of  the  ceDs  bear  snascs 

on  the  lower  edge  of  their  mouths. 

Fig.  9  c  ?  (0.  ferns,  Nicol).  Magnified  view  of  an  ob- 
liquely pressed  specimen,  showing  the  oval  mouths  and  trasnuist  ex- 
pressed line  at  the  base  of  the  ceUs. 

Fig.  9  i.   .  Scalariform  impression  of  the  same  species*  show 

ing  the  mouths  and  the  oval  openings  from  the  base  of  the  eeOs  into  the 
common  canaL 

Fig.  10.  DUkyrocmru?  mptyckovim,  sp.  nov.  Natural  sine.  The  valves  arc  feist 
flat,  and  show  the  notch  (*)  at  their  upper  eagles. 
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4.  On  the  Silurian  Rocks  of  the  South  op  Scotland,  and 
on  the  Gold  Districts  of  Wanlockhead  and  the  Lead  Hills. 
By  B.  Harkness,  Esq. 

[Communicated  by  J.  C.  Moore,  Esq.,  Sec.  6.S.] 
[Abstract.] 

Mr.  Harkness  considers  that  the  mineral  axis  of  the  system  of 
Silurian  rocks  in  the  south  of  Scotland  is  the  syenitic  mass  of  Criffel  * . 
The  rocks  lying  next  to  the  syenite  are  in  a  highly  metamorphic 
state,  but  wherever  bedding  can  be  traced,  it  is  found  that  the  strata 
on  the  south  side  dip  to  the  south,  and  on  the  north  side  to  the  north ; 
which  last  northerly  dip  (or  to  speak  more  correctly  N.N.W.  dip) 
continues  with  little*  exception  to  the  northern  margin  of  the  Silurian 
rocks. 

The  lowest  regularly  stratified  beds  which  can  be  observed  on  the 
north  of  Criffel  are  near  Woodside  Hill,  in  the  parish  of  New  Abbey, 
Kirkcudbrightshire,  where  the  dipis  N.E.,  but  at  no  great  distance 
to  the  west  of  this  the  usual  N.N.W.  dip  obtains.  By  following  these 
beds  northward  from  Lochaber  (where  the  syenite  again  occurs),  an 
ascending  section  is  procured  for  six  miles,  the  dip  exceeding  70°. 
The  rocks  consist  of  thick  and  thin  greywacke  sandstone  (in  contact 
with  the  igneous  rock),  frequently  showing;  the  laminae  of  deposition, 
succeeded  by  thin-bedded  flaggy  greywacke,  resembling  flinty  slate. 
Then  follow  in  succession  (at  Longwood)  greenish-grey,  curved,  lami- 
nated beds,  intersected  by  calcspar  veins,— a  series  of  chloritic  shales, 
interstratified  with  thin  beds  of  fine-grained  greywacke  sandstone, — 
shales,  —and  lastly  sandstone  and  flaggy  beds,  which  form  the  hills  up 
to  the  Nick  of  Bennerick. 

On  the  opposite  side  of  the  vale  of  the  Nith,  in  the  county  of 
Dumfries,  a  similar  series  of  rocks  occur,  occupying  a  portion  of  the 
parishes  of  Torthorwald  and  Tinwald.  The  author  regards  these  rocks 
as  the  base  of  the  series  dipping  N.N.W.  in  the  central  portion  of 
Dumfriesshire,  and,  with  the  beds  which  lie  to  the  south,  as  forming 
the  eastward  continuation  of  the  southern  axis  of  this  Silurian  series. 
Upon  these,  therefore,  Mr.  Harkness  conceives  the  beds  to  rest  which 
were  described  in  his  former  memoir  f  as  occurring  in  the  Glenkiln 
Burn.  They  consist  of  thick-  and  thin-bedded  greywacke,  with  An- 
nelid-markings in  its  upper  part,  followed  by  drab-coloured  shales  and 
anthracite, — then  shales  with  Graptolites, — a  great  thickness  of  grey- 
wacke sandstone,— and  lastly  grey,  green,  and  purple  shales,  the  last 
sometimes  showing  ripple-marks  and  Annelid-mar  kings .  These 
coloured  shales  are  exposed  on  the  Garrell,  Glenkiln,  and  Newlands 
Burns  ;  and,  by  following  the  line  of  strike  from  the  Newlands  Burn 
westward  (S.W.),  the  shales  with  Annelids  are  again  met  with  at 
Parton  slate-quarry,  about  six  miles  north  of  Castle  Douglas  and 
about  twenty  miles  from  Newlands.  The  shales  are  here  much  indu- 
rated, and  there  is  a  local  disturbance  of  the  dip.  Succeeding  these 
shales  are  greywacke  sandstones,  which  are  seen  at  Parton,  and  also 

*  See  alto  Quart  Journ.  Geol.  Soc  vol.  vii.  p.  56.  f  Loc.  eit.  p,  49* 
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on  the  Water  of  Ae  west  of  Glenlriln,  and  below  the  summit-cutting 
of  the  Caledonian  Railway,  N.N.E.  of  Glenkiln. 

About  Baecleugh,  on  the  Evan  Water,  near  where  the  counties  0/ 
Dumfries  and  Lanark  join,  slaty  beds  occur,  which  the  author  has  ob- 
served also  at  Benbuic  (in  the  western  part  of  Dumfriesshire),  near  the 
head  of  the  Dalwhat  Burn,  in  the  parish  of  Glencairn.  The  sulfates 
of  some  of  these  beds  are  rippled,  and  bear  AnneM-markinss.  These 
slaty  beds  are  next  met  with  twelve  miles  westward,  near  Barlae,  in 
the  parish  of  Dairy,  Kirkcudbrightshire.  Here  the  rock  is  identical 
in  character  with  that  at  Benbuic,  and  the  faces  of  some  of  the  beds 
show  ripplings  and  Annelid-markings,  together  with  Graptohtes  and 
Fucoids. 

The  author  considers  this  slaty  rock  to  be  the  equivalent  of  the 
Grieston  slate,  described  bv  Professor  Nicol*,  and  to  be  the  high- 
est bed  seen  in  Dumfriesshire.  But  by  following  up  the  section  af- 
forded by  the  Caledonian  Railway,  he  finds  the  following  succession 


1.  Thick  and  thin  greywacke  sandstone  at  the  summit-cutting 
before-mentioned.  2.  Grey  shales,  equivalent  to  the  grey  slates  of 
Benbuic  and  Barlae  before-mentioned.  3.  A  great  thickness  of 
black  shales,  which  are  different  from  any  rock  occurring  to  the 
southward,  and  run  E.N.E.  into  Peeblesshire,  where  they  have  been 
quarried  for  slate  at  Wrae  in  Glenholm  parish,  and  also  at  Stobo. 
They  are  seen  again,  westward  of  the  Railway  at  Glenochar,  and, 
though  containing  no  fossils,  Mr.  Harkness  believes  them,  from  their 
resemblance  and  position,  to  be  the  same  as  the  graptotitic  Cairn  slates 
on  Loch  Ryan,  described  by  Mr.  J.  C.  Moore  f-  And  4.,  a  conglome- 
rate containing  fragments  of  the  black  shale  in  great  abundance.  This 
is  apparently  identical  with  the  conglomerate  found  in  a  quarry  near 
the  base  of  the  hill  at  Wrae,  and  underlying  the  limestone  described 
by  Professor  Nicol  J.  The  author  observes  that  here  the  dip  of 
tnese  beds  is  towards  the  south,  but,  as  the  black  shale  comes  on 
immediately  to  the  northward  with  the  usual  dip,  it  is  probable  that 
the  conglomerate  and  limestone  have  been  let  into  their  present 
1  position  by  a  fault. 

Having  thus  reached  the  zone  of  the  Wrae  limestone,  Mr.  Harkness 
dwells  upon  the  close  relation  of  this  limestone  with  that  of  Craig- 
head, and  with  the  Silurian  rocks  of  the  south-west  of  Avrshire, 
lately  described  by  Sir  R.  I.  Murchison§,  and  observes  that  tne  con- 
glomerates of  Kennedy's  Pass,  accompanying  those  Ayrshire  beds, 
contain  fragments  of  Sdurian  rocks  similar  to  those  found  southward, 
and  also  fragments  of  syenite  resembling  that  of  Cairnsmuir  and 
Loch  Doon,  which  the  author  considers  to  be  of  the  same  age  as 
thai  of  Criffel.  Hence  he  infers  that  the  elevation  of  the  Silurian 
rocks  to  the  south  had  taken  place  previously  to  the  formation  of 
Lht  *c  conglomerates. 

Mr,  Harkness  states  that  he  has  succeeded  in  tracing  the  anthracite 

*  Quart.  Journ.  Geol.  Soc  voL  nr.  p.  204,  and  vol.  vi.  p.  W. 

t  Shid.  vol.  v.  p.  7.  %  /Mt  vol.  it.  ».  m 

I  Ibid.  voL  via.  p.  139  H  w*. 
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bands  of  Dumfriesshire,  described  in  detail  in  his  former  memoir, 
through  the  greater  part  of  Selkirk  to  the  neighbourhood  of  Gala- 
shiels ;  and  he  considers  that  the  opinion  he  formerly  offered  on  the 
probable  repetition  of  the  anthracitic  bands  and  their  accompanying 
greywacke  beds  by  means  of  faults  *  has  been  confirmed  by  his  sub- 
sequent observations.  In  calculating  the  thickness  of  the  formation, 
the  author  takes  the  area  included  between  the  most  northerly  band 
of  anthracite  at  Greskin,  about  four  miles  north  of  Beatock,  and  the 
black  shales  at  Elvanfoot  that  lie  below  the  conglomerate  on  which 
the  Wrae  limestone  reposes,  as  comprising  the  great  bulk  of  the 
strata  which  make  up  the  series.  The  distance  between  these  two 
points  is  six  miles  across  the  strike,  for  which  distance  the  dip  is  on 
an  average  70°  to  the  N.N.W.  From  these  data  Mr.  Harkness  gets 
a  thickness  of  about  24,000  feet,  and,  estimating  the  above-men- 
tioned conglomerate  and  the  deposits  about  Girvan,  together  with  the 
lowest  greywacke  sandstones  next  the  syenite,  at  about  6000  feet,  he 
gets  a  total  thickness  of  about  30,000  feet  for  the  Lower  Silurian 
rocks  in  the  south  of  Scotland ;  an  estimate  not  greatly  differing  from 
that  of  Professor  Nicolf. 

With  regard  to  the  fossils, — in  addition  to  those  mentioned  by  the 
author  in  his  former  communication,  he  has  found  in  the  shales  con- 
nected with  the  anthracite- bands  Diplograpsus  terctiusculus,  Hising., 
and  D.  ramosus,  Hall ;  the  former  at  Glenkiln,  the  latter  at  Hart- 
fell,  Dumfriesshire  J. 

In  these  graptolite-shales  he  has  in  vain  sought  for  the  Graptolites 
priodon  (=G.  ludensis,  Murchison),  first  quoted  by  Professor  Nicol 
from  the  Grieston  slate,  and  above  or  below  which  bed  it  has  not 
yet  been  found  in  Scotland.  It  does  not  occur  in  any  of  the  strata 
further  south,  unless  it  be  at  Balmae,  Kirkcudbrightshire,  associated 
with  a  new  species,  the  G.  Flemingii,  Salter,  and  numerous  Wenlock 
fossils.  Mr.  Harkness  remarks  too  on  the  occurrence  in  the  black 
shales  of  Loch  Ryan  of  several  species  of  Graptolites  which  are 
equally  characteristic  of  the  anthracitic  shales  of  Dumfriesshire,  sup- 
posed by  him  to  occupy  a  very  much  lower  horizon. 

Finally,  in  the  coloured  shales  of  Benbuic,  Dumfriesshire,  and  the 
similar,  beds  at  Barlae,  Kirkcudbrightshire,  the  author  has  detected 
Annelids  and  Fucoids  (Nereites  and  Palaochorda). 

Mr.  Harkness  no  longer  refers  these  Silurian  rocks  of  Dumfries- 
shire to  the  Caradoc  age,  as  in  his  former  memoir,  but  he  believes 
them  to  lie  below  the  representatives  of  the  Llandeilo  flags,  as  sug- 
gested by  Sir  R.  I.  Murchison  § ;  and  the  whole  evidence  goes  to 
show  that  some  of  the  rocks  of  the  south  of  Scotland  lie  very  far 
down  in  the  Lower  Palaeozoic  series,  occupying  a  position  equivalent 
to  the  Skiddaw  slate  described  by  Prof.  Sedgwick. 


*  Loc.  eit.  p.  51.  f  Quart.  Journ.  Geol.  Soc.  vol.  viL  p.  58. 

t  See  Mr.  Salter's  observations  on  the  Graptolites  of  the  South  of  Scotland, 
tupra,  p.  388. 

§  Quart.  Journ.  Geol.  Soc.  vol  viL  p.  162. 
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The  author  then  describes  the  occurrenoe  of  gold  in  the  Lower 
Silurian  rocks.  It  is  found  disseminated,  in  small  fohaceot  partklet 
or  in  round  grains,  in  the  quartz-reins  which  traverse  die  greywacke 
sandstone  and  shale  in  a  direction  generally  at  right  angles  to  their 
strike;  and  also  in  the  detritus  of  the  same  rock.  A  Sfwciuw 
weighing  240  grains  was  lately  found.   The  district  funriahmg  the 

fold  lies  to  the  north  of  the  zone  of  black  slate  which  ran*  frost 
tobo  through  the  summit-cutting  of  the  Csledonian  Railway  aad 
Glenochar  in  the  direction  of  Cairn  Ryan.  It  is  greatly  disturbed, 
not  only  by  the  quartz-veins,  but  by  dykes  of  felspar  and  yMiishu  ; 
and  the  dip  is  the  reverse  of  that  which  usually  prevails.  Mr.  Hark* 
ness  believes  that  the  occurrence  of  gold  is  not  connected  with  amy 
particular  portion  of  the  Silurian  series,  but  rather  with  the  pctataoi 
of  the  quartz- veins  and  the  influence  of  the  plutonic  rocks. 


5.  On  the  Ornithoidichnites  of  the  Wealds*. 
By  S.  H.  Beckles,  Esq. 

[Communicated  by  Sir  C.  Lyefl,  V.P.G.S.] 

[Abstract.] 

Since  the  publication  in  January  1851  *  of  the  notice  of  the  pecu- 
liar trifid  bodies  occurring  in  the  Hastings  rock,  the  author  has 
added  several  specimens  to  his  collection,  some  of  which  appear  to 
afford  additional  evidence  in  favour  of  the  opinion  of  their  bemg 
natural  casts  of  the  prints  of  birds*  feet. 

To  the  west  of  St.  Leonard's f  the  specimens  occur  on  small  blocks 
lying  on  the  beach  and  subjected  to  tidal  action.  These  as  vet  have 
presented  solitary  ornithoidichnites  only.  To  the  east  of  itastmgs, 
nowever,  the  trifid  bodies  are  found  under  more  favourable  circum- 
stances. At  a  distance  of  between  six  and  seven  miles  from  Sc  Leo- 
nard's immense  blocks  of  stone,  some  of  them  several  tons  in  weight, 
he  for  some  distance  along  the  beach  in  confused  misses,  immediately 
at  the  base  of  the  cliff  and  above  higb-water-mark.  On  these  blocks 
the  ornithoidichnites  are  frequently  found,  and  sometimes  in  pairs 
or  groups.  The  following  specimens  have  been  selected  as  bexag 
of  most  interest. 

Fig.  I  is  the  outline  of  one  of  p^.  |# 

two  of  these  bodies  which  were 
found  on  the  surface  of  a  block 
measuring? 7 ft.  3  in.  by  4  ft.  They 
differed  from  the  usual  form  in 
having  a  posterior  elongation, 
which  was  about  two-thirds  the 
length  of  the  "trifid,"  and  less 
than  half  its  height, — projecting 

*  Quart  Jotan.  Geol.  Soc  toL  tu.  p.  117. 

f  One  specimen  was  obtained  also  in  digging  the  Railway  taaad  bttim 
St  Leonard's  and  Hasting*. 
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therefore  less  prominently  from  the  surface  of  the  stone.  The  two 
bodies  were  placed  one  in  advance  of  the  other  ;  they  had  a  uniform 
direction,  with  a  slight  lateral  inclination,  one  to  the  right  and  the 
other  to  the  left.  The  distance  between  them — from  the  middle 
"toe"  of  the  one  to  the  "heel"  or  central  protuberance  of  the 
other — was  3  ft.  4  in. 

Fig.  2  exhibits  the  relative  position  of  four  "  trifids  "  that  were 
exposed  on  a  block  measuring  9  ft.  4  in.  by  4  ft.    Two  of  t  m,  a,  b, 


Fig.  2. 


presenting  the  ordinary  form  of  these  curious  bodies,  were  parallel 
with  each  other,  and  had  a  uniform  direction.  The  other  two,  c,  d, 
pointed  in  a  different  direction  to  that  of  the  other  pair,  and  followed 
each  other  in  a  right  line  at  a  distance  of  3  ft.  10  in.  (measured  from 
the  extremity  of  tne  longest  toe  of  the  one  to  that  of  the  other).  In 
this  last  pair  the  heel-like  central  protuberance  was  wanting,  a  con- 
dition suggesting  the  idea  that  the  original  imprint  might  have  been 
made  by  a  bird  (?)  passing  quickly  over  the  ground.  On  another 
block,  lying  at  a  short  distance  from  the  above,  was  found  a  similar 
pair  of  heel-less  Ornithoidichnites,  one  in  advance  of  the  other,  and 
so  much  resembling  the  last-mentioned  pair,  c,  d>  in  every  particular, 
even  in  the  distance  between  them,  or  length  of  the  stride,  that  they 
had  every  appearance  of  being  the  continuation  of  the  same  track. 

In  every  instance  these  trifid  bodies  occurred  on  that  surface  which 
was  the  under-plane  of  stratification  when  the  blocks  formed  part  of 
the  cliff. 

The  distance  separating  the  " trifids"  when  occurring  in  serie 
varies  from  rather  more  than  2  feet  to  3  ft.  4  in.  (measured  from 
the  toe  of  one  to  the  heel  of  another).  In  consequence  of  this 
distance  between  the  ichnites,  none  of  the  blocks  that  came  under 
the  author's  observation  as  exhibiting  one  or  more  specimens  could, 
from  their  limited  extent,  have  contained  more  than  the  number 
actually  observed  upon  them. 

The  author  observes,  that  having  also  discovered  one  example  at 
White  Bock  and  another  at  the  Sluice  which  is  about  ten  miles  to 
the  west  of  St.  Leonard's — the  extreme  point  in  this  direction  where 
the  organic  remains  of  the  Wealden  are  obtained,  he  has  detected 
these  singular  trifid  bodies  throughout  the  entire  section  of  the 
Wealden  on  the  Sussex  coast,  an  extent  of  nearly  eighteen  miles. 
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Additional  Notes  on  the  Red  Sandstones  of  Not  a  Scotia. 
By  J.  W.  Dawson,  Esq. 
[Communicated  by  Sir  C.  LyeD,  V.P.G.S.] 

In  a  paper  on  the  New  Red  Sandstone  of 
Nova  Scotia,  read  before  the  Society,  Jane 
1847*,  in  which  I  endeavoured  to  separate  the 
true  New  Red  Sandstones  skirting;  the  Bar 
of  Fundy  from  the  red  beds  associated  wkn 
the  gypsiferous  series  and  other  members  of 
the  Carboniferous  system, — after  having  traced 
these  beds  to  the  mouth  of  the  Shubenacwfie, 
and  again  observed  their  continuation  in  Corn- 
waUis  and  Horton,  west  of  the  estuary  of  the 
Avon, — I  remarked  that,  while  the  inteirenrng 
county  of  Hants  is  occupied  chiefly  by  car- 
boniferous deposits,  there  are  on  its  "north 
shore  patches  of  nearly  horizontal  sandstone 
which  might  belong  to  the  New  Red. 

I  had  in  the  past  summer  an  opportunity 
of  examining  these  beds  at  Walton  (Petite) 
and  other  places,  and  was  much  gratified  by 
finding  that  the  New  Red  might  be  traced,  as 
a  narrow  and  occasionally  interrupted  band, 
from  the  mouth  of  the  Shubenacadie  nearly 
to  the  mouth  of  the  Avon ;  thus  ominrcting 
as  far  as  possible  the  distinct  patches  of  New 
Red  described  in  my  former  paper.  At  some 
points  also  I  found  very  distinct  const  sec 
tions,  showing  the  unconformable  superposi- 
tion of  the  New  Red  on  the  Lower  Carboni- 
ferous beds.  A  good  instance  of  this  ocean 
at  Petite  River  (see  figs.  1  &  2). 

Near  the  mouth  of  the  river  the  Lower  Car- 
boniferous formation  appears  with  the  sarnie 
characters  observed  at  Windsor  and  on  the 
Shubenacadie.  It  includes  a  large  bed  of  gyp- 
sum, extensively  quarried  for  exportation,  and 
a  bed  of  limestone  with  veins  of  oxide  of  man- 
ganese, apparently  the  geological  equivalent 
of  the  Black  Rock  limestone  on  the  Shubena- 
cadie. In  the  neighbourhood  of  these  beds 
the  softer  rocks  have  been  denuded  and  do 
not  appear.  Still  nearer  the  mouth  of  the 
river,  nowever,  there  is  a  distinct  section, 
showing  black  shales,  with  calcareous  bands, 
dipping  at  a  high  angle  to  the  south,  and  un- 
derlying the  beds  above-mentxned.  In  a 
short  space  these  beds  become  contorted,  and 
then  dip  steeply  to  the  north,  fig.  !,/»/•  I 


6  3& 
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found  no  fossils  in  these  shales ;  but  in  their  continuation  eastward, 
at  Noel,  they  contain  a  Lepidodendron  identical  with  one  found  in 
the  similar  shales  of  Horton  Bluff.  The  position,  as  well  as  the 
mineral  character  of  these  shales,  leaves  no  doubt  that  they  belong 
to  that  remarkable  band  of  pseudo-coal-measures  found  in  the  lowest 
part  of  the  Lower  Carboniferous  series  at  Horton,  Windsor,  Rawdon, 
Five  Mile  River,  Antigonish,  Strait  of  Canseau,  &c,  and  described 
in  papers  formerly  read  before  this  Society  *.  Succeeding  these  black 
shales,  in  ascending  order,  the  Lower  Carboniferous  rocks  are  seen 
in  the  above  section,  fig.  1.  These  beds  probably  underlie  the 
gypsum  and  limestone  which  would  recur  on  the  north  side  of  the 
anticlinal  formed  by  the  black  shales  if  the  section  extended  suffi- 
ciently far.  Before  reaching  the  extremity  of  the  point  on  the  east 
side  of  the  river,  however,  the  edges  of  the  beds  sink  to  the  level  of 
the  sea,  and  the  lower  members  of  the  New  Red  are  unconfohnably 
superimposed  upon  them.  It  is  a  somewhat  instructive  fact  that 
the  beds  of  the  underlying  series  are  at  this  place  both  redder  and 
softer  than  the  overlying  New  Red  Sandstone. 

Fig.  2  shows  the  appearance  of  the  section  on  the  west  side  of  the 
mouth  of  the  river,  as  viewed  from  a  distance. 


Fig.  2. — Section  on  the  West  side  of  the  Mouth  of  Petite  River. 


a.  New  Red  Sandstone.  4.  Carboniferous  strata. 


At  Salter's  Head,  near  the  mouth  of  the  Shubenacadie,  the  sea- 
cliff  shows  a  considerable  thickness  of  the  New  Red,  which  is  there  a 
soft  bright  red  sandstone,  some  of  the  beds  containing  calcareous 
sandy  concretions,  which  cause  them  to  weather  with  singularly  un- 
even surfaces.  In  these  respects  they  perfectly  resemble  the  rocks 
of  the  same  formation  seen  between  the  Shubenacadie  and  Truro. 
The  New  Red  does  not  appear,  in  any  part  of  this  coast,  to  extend 
more  than  between  one  ana  two  miles  from  the  shore,  and  in  most 
places  its  breadth  is  much  more  limited,  being  often  only  a  few  hun- 
dred feet. 

When  in  Hants  County  last  summer,  I  revisited  the  great  mass  of 
gypsum  at  Big  Plaister  Rock  on  the  Shubenacadie,  described  by  Sir 
C.  Lyell,  in  company  with  whom  I  visited  it  in  1842.  Since  that 
time  a  large  part  of  the  mass  has  been  removed  by  the  quarrymen, 
and  the  highest  part  of  the  rock,  about  100  feet  in  height,  seemed 
tottering  to  its  fail,  the  excavations  of  the  quarry  having  completely 

•  See  Qoart.  Journ.  Geol.  Soc  vol.  vi.  p.  347  and  note. 
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undennined  it.   The  remoral  of  the  gypsum  had  exposed,  oo 
northern  side  of  the  quarry,  some  bands  of  flaggy  bitumixxoaar  Hxkmb- 
Btone,  nearly  in  a  vertical  position.   These  I  found  to  conimin  avbon- 
dance  of  flattened  specimens  of  Conularia  quadriiukatm*  wiuedb 
occurs  also  in  the  gypsiferous  rocks  at  Windsor  and  at  Cape  Brecon. 
These  fossils  mark  distinctly  the  true  age  of  this  great  in—  of 
gypsum,  which,  from  its  isolated  position  and  singular  structure, 
could  not  be  accurately  determined  on  stratigraphical  grounds.  Froan 
the  appearance  of  this  mass  of  gypsum  in  its  present  state,  I  Harre  no 
doubt  that  it  consists  of  thick  parallel  laminae,  or  thin  beds,  contorted 
in  an  extraordinary  manner  and  closely  cemented  together.     In  the 
highest  part  of  the  cliff  these  bent  laminae  assume  the  form  of  s  nage 
cylinder,  incomplete  only  on  its  lower  side. 

I  was  informed  that,  since  my  last  visit,  the  sandstone  dhY  of 
Eagle's  Nest,  opposite  the  "Big  Rock,"  had  slipped  into  the  river, 
leaving  a  clean  nice  of  rock  somewhat  lower  than  the  former  cliff. 

I  may  also  mention  that  the  high  cliff  at  Two  Islands,  on  the  op- 
posite side  of  the  Bay,  of  which  a  section  is  given  in  my  paper  on  the 
New  Red  Sandstone  *,  has  fallen,  burying  the  most  interesting  pert 
of  the  section  under  the  mass  of  trappean  debris,  which  will  not  tor 
several  years  be  removed  by  the  tides  of  the  Bay.  ! 


7.  On  the  Geology  of  the  Lake  of  thi  Wood*,  Scuts 
Hudson's  Bay.    By  Dr,  J,  J,  Bigsby,  F.GM* 

[Plate  XXII,] 

In  the  following  pages  it  is  intended  to  describe  the  nitwjictftfjiw, 
and  relations  of  tne  rock-formations  of  the  Lake  of  the  Vt  ood*  tit 
South  Hudson's  Bay,  comprising  n  part  til'  the  wmrorrcsal  row 
from  Canada  to  Rupert's  Land,  and  die  eastern  termrou*  of  iht 
Boundary-line  between  the  Possessions  of  Great  Britain  aad 
United  States,  where  it  passes  along  the  tUth  parallel  of  Uututk-  j 
hence  to  the  Rocky  Mountains. 

This  lake  is  not  without  its  claims  to  the 
gical  Society. 

It  is  here  that  the  igneous  and  meUmorpbj 
spread  the  half-drowned  wildernesses  of  East 
their  western  termination  (for  this  latitude)  *—L 
sight  and  are  replaced  westwards  by  sedmwntaxj  rock* 

By  an  examination  of  the  first-mentioned  cJasicf  «jf  i 
lake,  we  learn  that  they  arc  generally  eonfomtfUe  ■ 
of  crystalline  strata  which  extend  finrn  bene*  7*^ 
—to  the  River  Mississippi  in  lat*  43°. 
has  a  general  strike  to  the  W.S,  W, 

The  Lake  of  the  Woods  is  400  mdos  round  ! 
75  miles  in  extreme  length  and  bmdth.  I» 
•  Quart  Joura.  GeoL  Soc  mU 
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irregular,  is  best  learnt  from  a  glance  at  the  accompanying  Map, 
PI.  XXII. 

It  is  divided  into  three  parts  (each  having  its  own  name)  by  a 
promontory,  40  miles  in  direct  length,  which,  beginning  at  the  south- 
eastern angle  of  the  lake,  extends  N.W.,  and  approaches  within  half 
a  mile  of  the  western  shore  30  miles  from  the  northern  extremity  of 
the  lake. 

This  promontory  first  separates  Whitefish  Lake,  and  then  Lake 
Kaminitic,  or  the  Lake  of  the  Woods  proper,  from  the  Lake  of  the 
Sand  Hills,  the  entrances  to  each  being  barred  by  islands. 

Whitefish  Lake  has  never  been  properly  examined.  I  have  seen  it 
from  three  points  25  miles  apart,  and  noticed  several  lofty  basaltic 
islands.    It  is  supposed  to  be  120  miles  round. 

The  south  and  south-west  side  of  Sandhill  Lake  has  few  or  no 
islands,  and  its  shores  sweep  around  in  large  uniform  curvatures 
faced  by  sand-hills  or  gravelly  banks,  which  sink  behind  into  rice- 
marshes  or  wide-spreading  lagoons.  Westward  the  land  rises  very 
slowly,  until  at  70  or  80  miles  from  the  lake  it  becomes  a  grassy 
plain ;  and  wet  savannahs,  with  clumps  of  fine  trees  here  and  there, 

Eiil  largely  about  Monument  Bay.  The  greenstone  cliffs  and 
pine-covered  islands  of  the  Kaminitic  render  this  part  of  the 
extremely  picturesque. 
Although,  from  the  marshy,  woody,  or  shattered  state  of  the  coun- 
try, its  rocks  can  only  be  examined  at  intervals,  still  their  nature  and 
disposition  are  easily  recognised,  especially  when  we  notice  the  di- 
rections and  dips  of  the  metamorphic  rocks  on  a  good  map.  These 
are  in  two  groups,  one  on  each  side  of  a  mass  of  granite,  and  dip 
respectively  northerly  and  southerly  from  it  at  a  high  angle  (see 
fig.  1).    This  granite,  which  I  consider  to  be  the  axis  of  an  anti- 


Fig.  1. — Diagram  of  a  section  across  the  Lake  of  the  Woods,  passing 
nedr  Pipestone  Island,  Lake  Kaminitic. 

N.N.W.  S.S.E. 
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a.  Granite. 

b.  Svenitic  graenitone. 

c.  Chloritic  greenstone. 
c*.  Porphjrltic  greenstone, 
c".  Greenstone  conglomerate. 

clinal  ridge,  comes  from  the  west  main  in  and  to  the  north  of  Monu- 
ment Bay,  crosses,  with  an  E.S.E.  trend,  the  centre  of  the  lake, 
chiefly  (so  far  as  swamps  and  other  local  hindrances  allow  us  to  see) 
along  the  south  shore  of  the  great  promontory,  occupies  most  of  the 
adjacent  islands  in  Sandhill  Lake,  together  with  much  of  its  S.E. 


Gneiss. 

cc.  Micm-slate. 
dd.  Trap. 
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coast,  and  extends  as  far  as  Lake  La  Pluie*.  It  always  forms  hum- 
mocks, ledges,  and  low  bosses,  and  sometimes  overspreads  many 
square  miles  with  little  change,  particularly  in  the  west,  as  far  as  the 
extensive  swamps  will  allow  us  to  see.  This  granite  is  grey  and  pale 
red,  and  the  mica  is  black.  It  is  coarsely  granular,  and  only  por- 
phyritic  when  it  forms  a  vein.  Although  through  its  course  of 
100  miles,  from  Monument  Bay  to  River  Neketchawonan  at  the 
N.E.  end  of  Lake  La  Pluie,  its  mineral  composition  varies  from  place 
to  place,  yet  it  always  returns  to  one  particular  type  (that  of  Gravel 
Pomt). 

In  this  district  granite  is  always  the  lowest  rock,  and  traverses  all 
the  other  rocks.   It  is  frequently  gneissoid. 

A  distinct  form  of  granite  is  met  with  on  the  east  side  of  Lake 
Kaminitic,  about  the  mouth  of  the  River  Anagoyahme*,  but  I  only 
saw  a  small  quantity  in  situ. 

The  metamorphic  or  stratified  rocks,  few  in  number,  and  altogether 
different  on  the  different  sides  of  the  anticlinal,  are  gneiss,  mica-slate, 
hornblendic,  chloride,  and  syenitic  greenstone,  and  greenstone-con- 
glomerate. They  flank  the  granite,  as  we  have  before  said,  on  both 
sides,— those  on  its  north  side  (greenstones  principally)  dipping 
W.N.W.  for  the  most  part,  but  sometimes  N.W.  and  N. ;  sometimes 
vertical,  and,  at  Isle  a  ut  Crosse,  with  a  S.E.  dip;  the  last  observation, 
however,  is  perhaps  inaccurate  f. 

In  Lake  Kaminitic  the  E.N.E.  and  N.E.  strike  (ncrmmlt  for  the 
countries  on  the  immediate  south)  is  very  conspicuous  in  the  syenitic 
and  conglomerate  greenstones. 

But  in  Sandhill  Lake,  on  the  south  side  of  the  granite,  the  stratified 
rocks  dip,  with  small  occasional  deviations,  to  the  S.S.W., — a  direc- 
tion resulting  from  the  form  and  position  of  the  intrusive  rock. 

At  the  S.E.  end  of  Sandhill  Lake,  regularity  of  stratification  is 
lost  for  300  square  miles,  as  will  be  afterwards  shown. 

These  observations  on  dip  and  direction  were  made  with  the  com- 
pass planted  on  the  rock,  and  were  more  numerous  than  set  down  on 
the  Map,  PI.  XXII.  They  nearly  coincide  with  the  only  two  notices 
of  strike,  &c.  in  this  lake  given  by  Professor  Keating  §,  Geologist  to 
the  Expedition  to  the  River  St.  Peter's  under  Col.  Long. 

*  Not  included  in  the  accompanying  Map.  See  Map  of  Canada,  Quart.  Jean. 
Geol.  Soc  voL  viL  pi.  14.  + 
f  The  magnetic  variation  in  this  lake  is  5°  to  7°  B. 

%  In  the  neighbouring  Lake  La  Pluie,  which  it  300  miles  round,  and  it  bated  on 
gneiss,  mica-slate,  rhlorite-slate,  &c,  out  of  120  observations  taken  in  all  parts  of 
it,  only  fourteen  deviated  considerably  from  a  W.S.W.  or  W.N.W.  strike,  and  al- 
most all  these  occur  in  cblorite-slate.  The  W  S.W.  strike  is  by  Car  the  most 
common  strike  in  Lake  La  Pluie,  as  well  as  along  the  220  miles  of  lake  and  morass 
south-eastwards  to  Grand  Portage,  Lake  Superior.  If  we  add  to  this  similar 
statements  respecting  Lake  Superior,  made  by  MM.  Poster  and  Whitney,  and  by 
Dr.  Dale  Owen  for  150  to  200  miles,  south  of  Lake  Superior,  in  the'  State  of 
Wisconsin,  we  shall  see  that  the  general  trend  (with  local  variations)  of  all  the 
metamorphic  rocks  from  the  River  Winnepeg  for  700  miles  south  is  W.S.W„ — a 
fact  of  great  interest,  as  indicative  of  an  enormous  breadth  of  uplift 

§  That  near  Rat  Portage  coincides  enactly. 


1852.]     BIGSBY — GEOLOGY  OF  THE  LAKE  OF  THE  WOODS.  403 


With  regard  to  the  metamorphic  rocks,  the  gneiss  is  only  the  gra- 
nite interleaved  with  urica,  and  so  rendered  more  or  less  slaty.  Its 
mineral  changes  are  similar  to  those  of  the  granite. 

Gneiss  occupies  the  whole  western  shore  of  Lake  Kaminitic  up  to 
near  the  River  Winnepeg,  and  is  also  the  frequent  associate  of  granite 
in  other  parts  of  the  fake. 

Mica-slate  is  found  extensively  on  the  south  shore  of  the  Promon- 
tory and  in  the  islands  off  Shebashca.  It  passes  into  and  is  inter- 
leaved with  gneiss  and  a  very  black  trap. 

Greenstone  is  perhaps  the  most  abundant  rock  in  Lake  Kaminitic. 
It  is  commonly  impregnated  with  chlorite ;  but  the  proportions  of  this 
earth  vary  insensibly.  Where  there  is  much,  it  is  in  fine,  shining, 
wavy  or  very  tortuous  foliations,  interspersed  with  small  nodules  of 
the  rock  in  concentric  layers.  This  is  well  seen  on  the  north-east  shore 
five  miles  from  the  Rat  Portage.  The  greenstone  is  very  chloride  at 
intervals  alone  the  north  side  of  the  great  Promontory,  and  especially 
on  some  islands  near  the  Isle  of  the  Yellow  Girl.  On  these  island's 
are  veins  of  chlorite-earth  6-9  inches  wide,  used  by  the  Indians  for 
making  pipe-heads.  When  the  rock  is  less  charged  with  chlorite  it 
becomes  almost  massive.  In  several  places  for  some  square  miles 
along  the  eastern  shore  of  Kaminitic  (as  for  instance  a  few  miles 
north  of  Anagoyahme'  River),  the  greenstone  is  rendered  porphyritic 
by  the  presence  of  crystals  of  white  felspar ;  and  in  some  districts, 
each  from  5  to  6  miles  in  length,  along  the  north  shore  of  the  Pro- 
montory, from  Red  Cliff  Bay  to  the  Portage  des  Bois,  it  might  be 
called  syenite,  on  account  of  the  gradual  introduction  of  innumerable 
beads  or  drops  of  glassy  quartz. 

Greenstone-conglomerate  appears  twice  in  Kaminitic,  but  not  under 
the  same  conditions.  The  northern  band  stretches  E.N.E.  from  an 
island  near  the  River  La  Platte,  on  the  west  shore,  to  the  corresponding 
point  on  the  north-east  shore.  On  this  island  it  wears  a  peculiar 
form.  It  contains  many  round  black  masses  of  the  size  of  pigeons' 
eggs,  like  Lydian  stone,  and  as  hard  and  close  in  texture ;  but  the 
great  body  of  the  rock  is  made  up  of  large,  oblong,  angular  masses 
of  pale  speckled  greenstone,  which  lie  with  their  length  parallel  to 
the  strike.  These  appear  on  the  weathered  surface  of  the  rock,  but, 
on  breaking  it  up  to  obtain  specimens,  they  are  seen  to  pass  into  a 
slaty  structure,  and  become  continuous  with  the  cement  of  the  con- 
glomerate, as  in  Lake  Superior,  &c. 

The  chloritic  greenstone-conglomerate  about  Portage  des  Bois, 
south  of  that  just  described,  occupies  a  space  twelve  miles  long  north- 
wardly, by  six  broad.  Both  the  nodules  and  the  paste  are  green- 
stone ;  the  latter  is  darkest  in  colour.  The  nodules  are  here  rounded, 
and  vary  in  diameter  from  1  to  15  inches.  It  was  curious  to  observe 
that  many  of  them  were  broken  into  several  fragments  from  the 
effect  of  heat  or  by  some  external  force,  which  however  had  not 
widely  separated  them  (see  fig.  2). 

Proceeding  now  to  Sandhill  Lake,  we  observe  how  regular,  and 
often  how  minute,  are  the  interleavings  of  gneiss,  mica-slate,  and  dark 
compact  greenstone  along  the  greater  part  of  the  Promontory  and  its 
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isles ;  but  when  we  come  to  the  south-east  angle  of  this  lake,  these  rocks 
(granite  and  gneiss  being  substituted  for  mica-slate)  orer  an  irregular 
space  of  about  300  square  miles  are  so  mutually  involved  and  inter- 
penetrated, and  so  intimately  mixed  up  together,  that  it  is  impossible 
to  give  any  but  the  most  general  account  of  their  disposition,  how- 
ever plainly  seen  and  carefully  observed  on  the  spot.  In  some  places 
(Portage  Mouille',  &c.)  they  are  in  narrow  interleavings  of  no  con- 
stant direction.  In  another  (around  Broken  Road  River)  the  granite, 
for  large  spaces,  traverses  dark  greenstone  in  a  thousand  tortuous 
masses,  tongues,  and  slender  veins. 

Fig.  2. — Sketch  of  a  broken  fragment  of  Greenstone  (18  inckee  by 
8)  in  Greenstone-conglomerate  at  Portage  dee  Bois. 


Veins  of  granite  and  quartz,  and  shapeless  or  lenticular  masses  of 
hornblende,  rendered  impure  by  a  fine  admixture  of  white  quarts, 
are  abundant  in  all  these  rocks ;  but  as  such  appearances  are  common 
elsewhere,  they  are  not  here  noticed  in  detail.  Two  veins  of  epidobc 
trap  in  granite,  met  with  in  an  island  near  Portage  Mouule\  were  so 
artificial  in  appearance  that  I  sketched  them.  One  of  these  is  re- 
presented by  fig.  3.  The  isolated  needle  of  trap  in  fig.  3  is  per- 
naps  connected  with  the  contiguous  vein  of  that  rock. 

Fig.  3. — Ground-plan  of  a  portion  of  a  Trap-vein  in  Granite  near 
Portage  MouilU. 


Length  It  yards. 


At  other  places  (Turtle  Portage,  &c.)  the  whole  country  within 
view  consists  of  massive  trap. 

Precisely  the  same  appearances  may  be  seen  in  Lake  Superior  near 
Gros  Cap,  and  in  Lake  Huron  between  the  Ravers  Theasalon  and 
Missisaga.  These  foldings  and  irregularities  seem  to  be  the  result 
of  external  force. 
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In  no  part  of  the  Lake  of  the  Woods  were  any  traces  of  metallic 
ores  discovered,  although  carefully  looked  for. 

We  have  yet  to  notice  the  limestone  of  the  Lake  of  the  Woods. 
It  was  not  seen  by  me  in  juxtaposition  with  the  crystalline  rocks 
just  described,  but  in  mere  shreds  of  strata,  some  miles  off,  in  a  low 
country,  and  buried  beneath  mounds  of  quartzose  sand,  clay,  and 
immense  assemblages  of  blocks  from  the  north, — a  country  first  de- 
nuded and  then  filled  up  with  foreign  debris*. 

The  limestone,  whether  fixed  or  loose,  is  only  found  on  the  south 
and  west  shores  of  Sandhill  Lake.  Near  the  south  side  of  Driftwood 
Point,  a  little  to  the  south  side  of  Reed  River,  and  at  a  third  spot 
within  the  mouth  of  Rainy  River,  where  dry  banks  replace  the  rushy 
swamp  of  the  lake,  there  are  (half  buried  in  gravel)  square,  sharp- 
edged  angular  slabs  and  blocks  of  deep  straw-yellow  limestone,  of  a 
fine  close  grain. 

Each  of  these  fixed  masses  is  from  10  to  15  feet  broad,  and  3  feet 
deep.  They  are  all  cracked  and  fissured  by  the  intense  cold  of  the 
climate.  For  several  miles  around  these  points,  as  well  as  elsewhere, 
the  beaches  are  strewn  with  loose,  flat,  shingly  fragments  of  lime- 
stone, which  are  largest  and  most  numerous  in  the  immediate  vicinity 
of  these  points.  They  seem  to  have  resulted  from  the  action  of  the 
weather,  ice,  and  waves.  Together  with  these  fragments  occur 
travelled  blocks  of  crystalline  rocks. 

I  saw  this  same  yellow  limestone  strewn  plentifully  over  the  west 
arm  of  Rainy  River  Bay,  and  on  the  shores  of  Elm  Island. 

On  the  right  bank  of  Rainy  River,  not  far  from  its  mouth,  are  the 
fixed  remains  of  an  unfossiliferous  calcareous  breccia,  consisting  of 
yellow  fragments  in  a  brick-red  paste. 

My  reasons  for  thinking  these  patches  of  limestone  to  be  fixed, 
are — first,  their  position  and  aspect;  secondly,  the  peculiar  form 
of  the  coast  on  which  they  are  found,  which  is  usually  indicative  of 
the  presence  of  sedimentary  rocks ;  and  thirdly,  my  being  aware  that 
on  the  west  limestone  shows  itself  as  soon  as  the  elevation  of  the 
ground  will  permit.  The  abundant,  well-preserved,  and  often  large 
fossils  of  this  limestone  (principally  casts)  show  that  it  belongs  to 
the  Upper  Silurian  age ;  but  to  which  particular  division  Mr.  Salter, 
of  the  Museum  of  Practical  Geology,  who  has  kindly  examined  them, 
says  that  it  is  at  present  impossible  to  determine.  The  condition  of 
the  fossils  shows  that  the  animals  must  have  died  in  situ. 

My  time  having  been  always  limited,  I  was  only  able  to  collect 
specimens  of  the  following  organic  remains : — a  very  small  and  elegant 
Phacops ;  small  Orthocerata,  with  wide  chambers ;  minute  Encrini- 
tal  columns ;  various  Corals,  especially  the  Favorites  Gothlandica  and 
Cyathophyllum ;  Murchisonia,  Pentamerus  Knightii,  Leptana,  Avi- 
cula,  Atrypa,  and  Spirifer. 

The  following  is  a  general  view  of  the  outlines  of  this  calcareous 
basin. 

*  See  Dr.  Bigsby  on  the  Drift  of  the  Lake  of  the  Woods  and  South  Hudson '• 
Bay,  Quart.  Journ.  Geol.  Soc.  vol.  vii.  p.  215  ei  $eq.,  and  Map,  PI.  XIV. 
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Its  northern  limit  in  the  Lake  of  the  Woods  is  the  south  side  of 
the  great  Promontory  and  its  adjacent  islands. 

Eastward  it  is  met  by  granite  and  gneiss  about  Windy  Point,  and 
is  buried  under  rice-marshes. 

The  western  boundary  is  only  to  be  found  in  the  far  west  on  the 
east  flank  of  the  Rocky  Mountains. 

Southward  it  probably  underlies  the  whole  course  of  Rainy  River, 
eighty  miles  in  length,  with  the  exception  of  a  few  outcropping  bosses 
of  gneiss  and  greenstone ;  it  advances  also  three  miles  into  Lake  La 
Pluie ;  making  thus  a  total  stretch,  north  and  south,  of  1 10  miles. 

I  am  led  to  believe  that  limestone  underlies  the  greater  part  of 
the  Rainy  River  tract,  from  its  universal  prevalence  in  slabs  and 
shingle,  from  the  uniform  depth  of  the  river,  and  the  great  fertility 
of  the  country  it  traverses. 


8.  On  the  Geology  of  the  Southern  portion  of  the  Peninsula 
of  Cantyre,  Argyllshire.  By  James  Nicol,  F.R.S.&* 
F.G.S.,  Professor  of  Mineralogy  and  Geology,  Queen's  College, 
Cork. 

[Plate  XXni/) 

The  peninsula  of  Cantyre  forms  one  of  the  most  anomalous  features 
in  the  physical  conformation  of  Scotland,  whether  we  regard  its  geo- 
graphical or  geological  peculiarities.  The  mountain  ridges  which  give 
their  character  to  other  parts  of  the  country  have  all,  more  or  less, 
a  direction  from  north-east  to  south-west.  On  the  other  hand,  this 
peninsula  runs  nearlv  north  and  south  from  the  Crinan  Canal  to  the 
Mull,  a  distance  of  fifty-five  miles,  with  an  average  breadth  of  only 
six  to  eight  miles.  It  thus  forms  a  narrow  ridge  of  no  great  ele- 
vation, separating  the  Firth  of  Clyde  from  the  open  expanse  of  the 
Atlantic,  whose  waves  during  storms  from  the  west  beat  with  awful 
fury  on  its  western  shores.  None  of  its  mountains  rise  high,  and  in 
some  places  it  is  almost  separated  into  several  islands  by  low  trans- 
verse valleys.  Thus  at  Loch  Tarbet  the  isthmus  is  only  about  a  mile 
in  breadth,  and  both  there  and  at  Campbeltown  a  depression  of  a  few 
feet  would  convert  it  into  several  detached  islands  ;  which  was  pro- 
bably its  condition  at  no  very  remote  geological  date.  Although 
forming  a  portion  of  the  Scottish  Highlands,  its  termination  bes 
further  south  than  some  parts  of  the  north  of  England. 

The  most  remarkable  geological  feature  of  this  district  is  the  sud- 
den extension  to  the  south  of  the  mica-slate  formation,  which,  after 
running  nearly  in  a  direct  W.S.W.  line  from  the  east  coast  at  Stone- 
haven through  the  whole  Highlands,  bends  sharply  round  to  the  south, 
and  runs  down  to  the  extreme  noint  of  the  peninsula.  At  the  same 
time,  the  clay-slate,  which  had  hitherto  accompanied  it,  also  turns 
south-east  round  the  granite  of  Arran,  and  does  not  again  appear  in 
connection  with  the  mica-slate.  In  all  geological  mans  also  the  Lias 
formation  is  marked  as  occurring  in  this  place,  forming  as  it  were  a 
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connecting  link  between  the  newer  rocks  of  Ireland  and  those  remark- 
able secondary  deposits  in  the  Western  Isles,  described  in  the  valuable 
memoirs  of  Sir  R.  Murchison  and  Professor  Sedgwick*. 

It  might  have  been  expected  that  these  peculiarities  would  have 
attracted  some  geologist  to  visit  and  describe  this  portion  of  Scotland. 
This,  however,  has  not  hitherto  been  the  case,  and  no  complete  ac- 
count of  the  geological  structure  of  Canty  re  has  ever  yet  been  pub- 
lished. Some  incidental  notices  of  particular  points  may  be  found  in 
the  Mineralogies!  Travels  of  Professor  Jameson,  and  Dr.  Macculloch 
makes  a  few  short  references  to  it  in  his  work  on  the  Western  Isles ; 
the  latter  also  published  a  description  of  the  Porphyries  of  Davar 


I  spent  a  few  weeks  in  the  vicinity  of  Campbeltown,  and  found  many 
very  interesting  geological  phenomena  well  exposed  in  that  neighbour- 
hood. Some  short  notes  of  my  observations  were  communicated  to 
the  Meeting  of  the  British  Association  at  Edinburgh  in  August  1850, 
and  I  had  intended  to  communicate  a  fuller  account  of  them  to  the 
Geological  Society,  but  always  delayed  in  the  hope  of  being  able  to 
render  them  more  complete  by  again  visiting  the  locality ;  but  I  have 
hitherto  been  prevented  doing  so,  and  think  it  better  to  submit  them 
in  their  present  form.  My  observations  do  not  embrace  the  whole 
peninsula,  but  refer  only  to  its  southern  extremity,  or  the  region  ex- 
tending from  the  Mull  of  Cantyre  to  a  few  miles  north  of  Campbel- 
town, a  tract  about  fifteen  miles  in  length  by  ten  or  twelve  in  breadth. 
As  I  was  not  able  to  procure  an  accurate  geographical  map  of  the 
district,  or  even  a  map  of  any  kind  on  a  large  scale,  it  was  not  possible 
to  represent  its  geological  structure  correctly,  and  the  sketch  map 
that  accompanies  this  paper  (Plate  XXIII.)  must  be  regarded  as 
merely  a  first  approximation  to  a  geological  map.  When  I  began 
to  examine  the  district,  I  believed  Dr.  Macculloch' s  map  to  be  a  far 
more  accurate  representation  of  the  distribution  of  the  rocks  than  it 
proved  to  be  on-  experience.  It  was  only  after  I  found  that  it  was 
wholly  untrustworthy  that  I  endeavoured  to  supply  the  deficiency, 
and  consequently  was  less  able  to  do  so  correctly  than  if  I  had  kept 
this  object  in  view  from  the  commencement  of  my  researches. 

In  describing  the  geology  of  this  district  I  shall  begin  with  the 
oldest  or  fundamental  rock.  This  is  the  mica-slate,  which,  as  shown 
by  the  map,  occurs  in  two  detached  regions  J.  The  first  of  these  near 
Campbeltown  is  connected  with  the  large  mass  of  this  rock  which  ex- 
tends northward  throughout  the  peninsula.  It  is  almost  divided  into 
two  by  the  loch  or  bay  of  Campbeltown,  but  beds  of  mica-slate  appear 
in  various  parts  of  the  low  ground,  rendering  it  probable  that  the  rock 
extends  continuously  from  Ben  Gollion  on  the  south  to  the  hills  on  the 
north  side  of  the  bay.  The  second  portion  forms  the  wild  country  in 
the  south-west  of  the  peninsula  round  the  Mull.  In  both  districts  the 

*  Trans.  Geol.  Soc  2  Ser.  vol.  ii.  p.  293 ;  ibid.  p.  353 ;  vol.  hi.  p.  21 ;  ibid.  p.  125. 
f  Trans.  GeoL  Soc.  vol.  ii.  p.  423. 

X  A  third  small  portion  of  mica-slate  is  seen  in  the  bed  of  the  stream  and  the 
low  grounds  above  Southend  Church,  but  too  inconsiderable  to  be  worth  noticing 
separately.   See  Map. 
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mica- slate  differs  considerably  in  its  mineralogical  characters  from  the 
rock  so-named  in  the  more  central  parts  of  the  Highlands,  Occasion- 
ally, as  in  the  hills  north  of  Campbeltown,  it  is  a  fine  lustrous  mica- 
slate,  especially  on  the  planes  of  lamination,  bat  even  then  on  a  cross 
fracture  it  appears  Tery  arenaceous.  More  often  it  resembles  a  grey 
micaceous  sandstone,  and  many  hand-specimens  might  readily  be  mis- 
taken for  such  a  rock,  or  for  varieties  of  greywacke.  This  is  the 
general  character  of  the  mica-slate  in  Ben  Golhon  sooth  of  Campbel- 
town. In  that  mountain  it  is  generally  a  reddish  or  yeOowiah  grey 
laminated  rock,  consisting  of  fine  quarts  or  felspar  sand,  with  larper 
grains  of  quartz  and  very  fine  scales  of  a  mica-like  mineral,  bat  which 
is  not,  as  it  seems  to  me,  a  true  mica.  In  other  cases  the  mica  is  re- 
placed by  a  mineral  more  resembling  talc,  but  mixed  in  such  minute 
scales  with  the  other  constituents  that  I  hare  not  been  able  to  deter- 
mine its  true  nature.  In  other  varieties  fine  folia  of  haematite  or 
specular  iron  take  the  place  of  the  mica.  Indeed,  I  am  inclined  to 
think  that  true  mica-slates  are  rather  the  exceptions  in  this  district, 
and  that  probably  some  other  name  should  be  adopted  for  these 
rocks.  In  Ben  Gollion  also  some  of  the  beds  show,  when  weathered, 
a  distinct  double  lamination,  intersecting  at  an  acute  angle,  and  more 
resembling  the  cleavage  so  common  in  the  Silurian  locks  than  any 
structure  I  have  ever  observed  in  true  crystalline  strata* 

In  the  mountains  near  the  Moll  many  beds  in  the  mira  ilatc  lorn 
a  kind  of  semicrystalline  gneiss,  bearing  the  same  relation  to  this 
rock  that  the  mica-slate  does  to  that  of  the  West  Highlands.  In  this 
southern  district  the  mica-slate  is  highly  ferruginous,  and  imparts  a 
strong  chalybeate  taste  to  the  springs  rising  in  it.  The  chief  distinc- 
tions of  the  mica-slate  from  unaltered  sandstones  or  greywackes  are  the 
distinct  lamination  of  the  component  minerals,  the  frequent  aggrega- 
tion of  the  quartz  in  large  lenticular  masses  or  nodules,  and  the  con- 
tortion or  twisting  of  the  beds.  This  contortion  is,  however,  rarely 
so  violent  as  in  the  mica-slate  of  Loch  Goyle  and  Loch  Long,  and  sel- 
dom interferes  with  the  observation  of  the  dip  and  direction  of  the 
beds  where  a  sufficient  surface  of  the  rock  is  exposed. 

Associated  with  the  mica-slate,  in  several  localities,  beds  of  lime- 
stone are  found  in  considerable  abundance.  It  is  usually  of  a  very 
dark  or  black  colour,  highly  crystalline,  and  of  a  very  urge  coarse 
grain.  It  is  seen  in  most  abundance  in  Knock-Scalbert  and  the  other 
hills  north  of  Campbeltown,  where  it  is  quarried  in  several  places. 
Dr.  Macculloch  represents  the  whole  of  this  tract  as  limestone,  bat, 
as  the  sketch-map  will  show,  it  is  far  less  abundant  than  the  igneoos 
rocks,  and  even  than  the  associated  mica-slates*.  Some  of  the  beds 
on  the  west  side  of  Loch  Ruag  are  more  compact  and  slaty,  bat  st31 
show  the  same  dark  colour.  Other  beds  again  on  the  declivity  of  the 
hill  are  a  kind  of  cipoliino,  or  rather  calcareous  mica-slate,  ™«i Siting 
of  alternate  layers  of  white  granular  limestone  and  mica.  This  lime- 
stone series  is  again  seen  in  the  low  ridge  to  the  south  of  Campbeltown 

*  Perhaps  the  omission  has  arisen  from  the  blue  used  for  the  trap-mas  being 
mistaken  for  that  employed  for  the  limestone, — a  not  uncommon  came  of  error  la 
other  parts  of  the  country. 
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at  the  foot  of  Ben  Gollion,  near  lime  Craigs,  and  is  also  quarried  on 
the  north  side  of  the  Mull  district  of  mica-slate  near  Achinlisaig. 

The  dip  and  direction  of  a  contorted  rock,  like  mica-slate,  are  neces- 
sarily very  variable  and  so  far  uncertain.  In  this  district  they  can,  how- 
ever, be  determined  with  considerable  accuracy,  as  the  rock  is  often  well 
exposed  in  sections.  The  dip  ranges  from  about  12°  or  15°  up  to  60° 
or  70° ;  but  on  the  whole  low  angles  predominate,  and  an  average  of 
seventy  observations  gives  about  30°.  The  direction  of  the  dip  is  re- 
markably uniform,  and  almost  invariably  to  the  east.  Thus  in  seventy- 
four  observations  sixty-three  were  to  the  eastward,  and  of  these  fifty- 
seven  to  east  by  south.  The  mean  direction  of  the  dip  is  to  S.  57°  26' 
£.  by  compass,  or  allowing  25°  for  the  variation  to  E.  8°  S.  (S.  82°  E.). 
In  other  words,  the  average  direction  of  the  strata  is  almost  identical 
with  the  general  direction  of  the  peninsula,  which  is  thus  merely  the 
outcrop  of  a  system  of  beds  of  mica-slate.  The  same  direction  is  found 
very  constantly  as  the  result  of  direct  observation  in  the  district  near 
the  Mull,  where  the  strata  have  been  little  intruded  on  by  recent  ig- 
neous rocks,  and  it  thus  appears  not  merely  as  the  average,  but  as  m 
reality  the  original  or  normal  dip  of  this  series  of  beds.  In  confir- 
mation of  this  view,  it  may  be  mentioned,  that  a  fourth  of  the  dips 
observed  in  the  region  generally  were  within  3°  of  the  average  deduced, 
and  nearly  one  half  not  more  than  10°  from  it.  On  the  north-east 
side  of  Ben  Gollion,  however,  a  more  northerly  direction  prevails,  the 
strata  dipping  with  few  exceptions  about  10°  north  of  true  east. 

The  dip  of  the  limestone  series,  noticed  as  connected  with  the  mica- 
slate  on  the  north  of  Campbeltown,  does  not  coincide  with  that  just 
deduced,  or  with  that  of  the  mica-slate  in  the  same  locality.  In 
eighteen  observations,  sixteen  were  to  the  south-east,  one  south,  and 
one  north-west,  and  omitting  the  latter,  the  mean  of  the  whole  gives 
a  dip  of  34°  to  S.  32°  E.,  or,  with  one  doubtful  observation  omitted, 
of  32°  to  S.  30°  E.  by  compass,  or  S.  55°  E.  of  true  direction.  This 
group  of  rocks,  therefore,  nas  a  slightly  higher  dip,  and  to  a  point 
about  25°  further  south  than  the  mica-slate.  This  might  induce  us 
to  believe  that  the  limestone  formed  a  distinct  portion  of  the  primary 
series,  but  is  perhaps  owing  to  the  great  intrusion  on  the  north  of 
trap-rocks  which  in  this  district  are  almost  constantly  associated  with 
the  limestone*. 

The  mica-slate  forms  the  general  base  of  the  country,  on  and  around 
which  all  the  other  stratified  formations  have  been  deposited.  The 
first  of  these  is  red  sandstone  and  conglomerate,  occurring,  as  the 
map  (PI.  XXIII.)  will  show,  chiefly  on  the  east  and  south-east  of  the 
district.  The  relation  of  these  rocks  to  the  inferior  formation  is  most 
distinctly  exhibited  in  the  narrow  valley  of  the  Glenramskill  Burn, 
about  one  mile  and  a  half  east  of  Campbeltown.  The  west  side  of  this 
valley  is  composed  of  slate,  forming  the  declivity  of  Ben  Gollion,  and 
dipping  on  an  average  at  25°  to  30*  to  E.S.E.  (S.  75°  E.)  by  compass. 

*  The  same  association  of  igneous  rocks  with  limestone  beds  is  seen  in  the  Si- 
lurian rocks  of  Peeblesshire  described  by  myself,  and  in  those  of  Ayrshire  de- 
scribed by  Sir  R.  Murchison,  and  is  so  constant  that  we  can  hardly  regard  it  as 
accidental. 
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The  east  side  of  the  glen  consists  below  of  mica-slate,  followed  higher 
up  by  a  dark  red,  fine-grained  sandstone,  on  which  rest  enormous 
masses  of  coarse  conglomerate,  sometimes  from  100  to  150  feet  thick* 
and  cropping  out  along  the  whole  escarpment  of  the  mountain.  In  many 
places  the  two  formations  may  be  traced  within  a  few  feet  of  each  other ; 
out  no  distinct  instance  of  an  actual  junction  was  observed.  The  nature 
of  the  conglomerate,  as  often  happens,  rendered  it  impossible  to  ascer- 
tain its  dip  with  accuracy,  and  there  is  so  much  false-bedding  in  the 
sandstones,  both  those  underlying,  and  those  occasionally  included  in, 
the  conglomerate,  that  they  cud  not  afford  much  assistance  in  deter- 
mining the  position  of  the  mass.  So  far,  however,  as  could  be  ascer- 
tained, there  is  a  remarkable  coincidence  between  the  dip  of  the  mica- 
slate  and  that  of  the  sandstone  resting  on  it,  where  both  are  seen  in 
the  closest  proximity.  The  inclination  of  both  masses  is  to  the  east 
or  south-east,  and  occasionally  the  amount  of  the  dip  did  not  differ 
above  a  few  degrees,  its  direction  in  both  rocks  being  to  S.  75°  £.  by 
compass.  A  similar  approximation  in  the  position  of  these  formation* 
is  seen  on  the  north  side  of  the  Bay  near  Braskomil.  In  this  place 
the  mean  of  fourteen  observations  on  the  inferior  mica-slate  gave  a  dip 
of  41|°  to  S.  58°  E.,  and  of  eight  observations  on  the  red  sandstone, 
of  49°  to  S.  63£°  £., — a  closer  approximation  than  is  found  in  separate 
observations  on  the  same  rock.  The  coincidence  is  also  more  remark- 
able from  a  mass  of  greenstone,  fifty  yards  wide,  having  intruded  al- 
most at  the  junction  of  the  two  formations,  only  one  bed  of  mica  slate, 
hardened  and  bent  over  the  curved  surface  of  the  trap,  being  seen 
above  it,  dipping  at  45°  to  S.  65°  E.,  or  within  a  few  degrees  of  the 
mean  of  the  sandstone  resting  on  it.  In  the  hill  to  the  north  several 
smaller  patches  of  conglomerate  and  red  shale  are  seen  m  a  similar 
approximate  parallelism  to  the  mica-slate  and  limestone  in  their 
vicinity. 

In  examining  my  notes  I  was  surprised  to  find  a  similar  coincidence 
in  the  dip  of  these  two  formations  in  the  extreme  south  of  the  penin- 
sula near  Keills.  The  mica-slate,  as  formerly  stated,  dips  in  this  place 
to  S.  55°  E.,  and  the  same  direction  was  found  in  the  red  sandstone 
and  conglomerate  which  abuts  on  the  shore  in  fine  bold  sea-worn  cliffs 
near  the  old  grave-yard  of  Kilcolmkill.  A  low  alluvial  tract,  how- 
ever, divides  the  formations  in  this  place,  and  I  had  no  opportunity 
afterwards  of  examining  the  locality  more  closely. 

Although  these  observations  are  perhaps  not  sufficient  to  prove  that 
the  red  sandstone  and  conglomerate  were  deposited  conformably  on  the 
horizontal  mica-slate,  they  at  least  show  a  closer  coincidence  than  I 
have  observed  in  other  parts  of  Scotland.  When  we  contrast  them 
also  with  the  very  marked  unconformability  of  the  Devonian  red 
sandstones  to  the  Silurian  fijreywackes  in  the  south  of  Scotland,  they 
may  be  regarded  as  indicating  that  the  elevation  of  this  portion  of  the 
crystalline  strata  is  not  of  very  ancient  date. 

The  same  conclusion  may  be  drawn  from  a  consideration  of  the  mi- 
neral character  of  these  conglomerates,  which  in  other  respects  also  is 
very  remarkable.  The  materials  composing  them  vary  in  size  from 
*  fine  sand  to  rounded  blocks  frequently  of  six  or  eight  inches,  and  not 
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uncommonly  of  one,  two,  or  even  three  feet  in  diameter.  In  the  con- 
glomerate forming  the  precipitous  coast  to  the  south  of  Kildalloig,  I 
measured  one  boulder,  still  fixed  in  the  rock,  3|  feet  long  by  about 
3  feet  in  breadth  and  thickness,  and  several  masses  of  almost  equal  di- 
mensions, evidently  washed  out  of  the  rock,  were  strewed  on  the  beach 
around.  The  mineralogical  character  of  the  larger  pebbles  composing 
these  rocks  is  singularly  uniform  in  each  locality.  Of  eighteen  spe- 
cimens collected  at  random  from  one  place  in  Glenramskifi  Burn,  ten 
were  a  hard  reddish  sandstone,  two  coarser  sandstones,  and  the  re- 
maining six  reddish  brown  felspar  or  claystone  porphyries.  The  con- 
glomerates on  the  east  coast  consist  Almost  entirely  of  reddish  brown 
porphyries,  not  unlike  those  of  Davar  island  in  the  immediate  vicinity. 
Thus  fourteen  specimens  collected  in  one  spot  near  Kildalloig  were  en- 
tirely of  this  nature,  and  only  differed  in  the  more  or  less  abundance 
of  light  green  crystals  dispersed  through  the  dark  clove-brown  basis. 
In  eighteen  specimens  from  another  point  not  far  distant,  fourteen 
were  also  clove-brown  porphyries,  and  four  either  similar  rocks  or  very 
hard  compact  horns  tones.  In  the  conglomerates  on  Knock-Scalbert, 
north  of  Campbeltown,  the  boulders  again  were  chiefly  common  white 
quartz,  a  rock  not  now  seen  in  situ  near  this  place.  In  the  conglo- 
merate west  of  Southend  near  Keills,  quartz,  hardened  sandstone,  and 
light-greenish  porphyritic  traps  predominated.  In  all  these  cases  the 
conglomerates  rest  on,  or  are  in  the  immediate  vicinity  of,  the  mica- 
slate,  but  I  have  observed  no  fragments  of  it  or  of  other  so-called 
primary  strata  among  their  materials.  This  is  the  more  remarkable, 
as  both  the  size  of  the  boulders  and  their  uniform  character  in  each 
locality  prove  that  they  have  not  been  drifted  from  a  distance,  but  are 
the  mere  water-worn  detritus  of  a  shore  consisting  of  similar  rocks. 
Though  the  laminar  texture  of  the  mica-slate  renders  it  very  friable, 
and  mica-slate  boulders  are  consequently  far  from  common  constituents 
of  conglomerates,  yet  this  alone  will  not  account  for  their  absence  from 
these  deposits.  Where  this  rock  now  forms  the  shore,  masses  of  it, 
of  all  sizes  and  in  various  stages  of  attrition,  abound,  and  must  enter 
largely  into  the  composition  of  any  boulder  deposit  now  forming.  In 
the  Boulder  Clay  or  Drift  they  are  also  numerous,  and  are  frequently 
found  fifty  miles  from  their  native  Highlands,  resting  on  the  Silurian 
strata  in  the  south  of  Scotland. 

The  red  sandstone  connected  with  these  conglomerates,  and  skirt- 
ing the  east  and  south  coasts  of  the  peninsula,  is  often  a  very  pecu- 
liar rock.  It  is  frequently  associated  with  felspar  or  claystone 
porphyries,  and  is  then  apparently  composed  in  great  part  of  similar 
felspathous  matter.  It  then  either  passes  into  the  porphyries  by  in- 
sensible gradations,  or  is  so  intercalated  and  mixed  up  with  them  that 
the  division-line  cannot  be  determined.  A  section  seen  near  the 
south-east  coast-road,  about  two  and  a  half  miles  from  Campbeltown, 
furnishes  a  good  illustration  of  these  gradations.  It  exhibits  a  series 
of  thin  beds,  from  1  to  2  inches  each  in  thickness,  of  which  the  upper 
beds  are  decided  sandstones,  whilst  the  lower  approximate  more  and 
more  to  the  porphyries.  The  higher  beds  are  of  a  reddish  brown  or 
yellow  colour,  somewhat  porous,  and  consist  of  numerous  thin  layers 
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of  quartz  and  felspar  grains.  The  lower  beds  are  more  porous, 
and  consist  of  a  brownish  red  felsite  basis,  with  nodnlet  of  a  soft 
white  mineral,  like  Bole.  Similar  red  strata  are  seen  at  many  points 
on  this  side  of  the  peninsula,  and  often  with  such  a  mixture  of  cha- 
racters as  to  render  it  difficult  to  decide  whether  they  should  be  classed 
with  igneous  or  aqueous  formations.  Indeed  it  seems  probable  that 
they  may  so  far  partake  of  the  nature  of  both,  being;  in  great  part  com- 
posed of  the  Tolcanic  detritus  thrown  out  during  the  formation  of  the 
felspar  porphyries,  and  thus  of  the  same  nature  with  the  "  vokank 
grits"  of  Sir  R.  Murchison,  and  some  of  the  "ash-beds"  of  Sir  H. 
De  la  Beche  and  the  Geological  Surrey.  The  want  of  a  good  phy- 
sical map  on  which  to  record  my  observations,  and  of  time  to  work 
out  detailed  sections,  renders  me  still  doubtful  whether  the  connec- 
tion of  these  beds  with  the  red  conglomerates  is  more  than  incidental. 
They  may  not  improbably  form  a  distinct  and  more  recent  group. 

Tne  next  group  of  strata  we  shall  notice  is  the  Coal-fonnanon, 
which  occurs  on  tne  west  side  of  the  peninsula  near  Machrihaniah 
Bay.  Coal  has  been  long  wrought  in  the  low  ralley  or  Laggan  west 
of  Campbeltown,  bnt  the  beds  appear  to  be  now  nearly  nrhanstrd, 
and  the  coal  generally  of  inferior  quality.  The  plants  found  both  in 
the  coal  itself  and  in  the  connected  shales,  leave  no  doubt  that  these 
beds  belong  to  the  true  Coal-formation,  and  not  to  the  Lias  as  is  often 
said.  Fine  specimens  of  the  Stigmaria  ficoidc*  are  common  not  only 
in  the  shales  out  in  the  coal  itself,  some  beds  of  which  seem  chiefly 
formed  of  this  plant  and  of  a  species  of  Calamite*.  Lepidodendr* 
abound  in  the  shales  and  sandstones,  along  with  LepidottroU.  The 
only  Fern  seems  a  PecopterU,  but  in  general  only  the  stalks  are  left 
without  any  of  the  leaflets  attached.  Branches  of  Stupmaria,  slightly 
compressed,  and  filled,  in  some  instances,  with  iron-pyrites,  in  others, 
with  a  conglomerate  of  coarse  grains  of  quarts  in  a  basis  of  iron- 
pyrites,  also  occur  in  the  coal.  In  some  of  the  sandstones  in  Tir- 
fergus  Burn  grass-like  impressions  and  fragments  of  small  stems 
occur,  but  too  imperfect  tor  the  determination  of  their  true  cha- 
racters. 

The  best  section  of  the  carboniferous  strata  is  exhibited  in  the 
banks  of  the  stream  just  named,  which  runs  as  it  were  in  a  kind  of 
notch  cut  in  the  declivity  of  the  hills  forming  the  south  side  of  the 
Laggan.  The  stream  rises  in  the  trap  forming  the  hOls  towards 
Los8et.  In  descending  the  ravine,  the  first  strata  observed  are  some 
coarse  red  conglomerates,  consisting  chiefly  of  trap-boulders.  On 
these  rest  deep  red  ochrey  shales,  ail  dipping  east  down  the  stream. 
After  a  short  interval,  in  which  the  rocks  are  concealed  by  herbage* 
deep  red  shales,  apparently  the  continuation  of  the  former  beds, 
form  the  bank  of  the  stream.  The  section  is  again  concealed  for 
seme  yards  by  grass,  but  is  resumed  by  a  mass,  about  40  feet 
thick,  of  shales,  purplish  or  greyish  brown  below,  and  passing  up- 
wards through  bluish  grey  and  reddish  white  beds,  into  deep  black 
shale  above  (see  fig.  1).  These  gradual  changes  of  colour  in  the 
strata  as  we  recede  from  the  igneous  rock  mark  in  a  very  beautiful 
manner  the  gradual  diminution  of  its  metamorphic  m^n*^f  as  the 
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distance  from  it  increases.  The  change  even  in  the  deepest  beds  is 
not  very  great,  having  apparently  only  driven  off  the  carbonaceous 
matter  from  the  black  shales,  and  modified  the  state  of  oxidation  of 
the  iron  in  the  ferruginous  red  beds  below,  which  are  at  the  same 
time  somewhat  hardened  and  converted  into  a  kind  of  porcellanite, 
yet  the  heat  seems  to  have  extended  through  from  20  to  30  feet  of 
conglomerate  and  probably  twice  that  thickness  of  shales.  Further 
down  the  stream  the  same  black  friable  shales  are  seen  in  cliffs  some- 
times 60  feet  or  more  high.  They  are  intermixed  with  beds  of  sand- 
stone and  impure  coal,  which  has  been  mined  in  several  places.  In 
the  shales  I  only  observed  a  few  obscure  indications  of  fossils. 

Fig.  1. — Section  in  Tirfergw  Burn* 


ft.  in. 

"Black  shale,  becoming  lighter  below.  .17  0 


Grey  shale,  slightly  altered   3  o 

Reddish-white  shale   S  6 

Bluish  shale.   3  0 

Bluish-grey  sandy  shale    7  0 

;  Reddish-purple  shale   0  7 

\  Reddish-yellow  shale.   1  0 

Dark-purple  shale   1  1 

Greyish-brown  and  purple  shale,  morel  4  0 
than   > 

% 

On  the  west  coast  south  of  Losset,  beds  of  sandstone  and  lime- 
stone, much  altered  by  intrusive  igneous  rocks,  are  seen  in  the  high 
cliffs.  Similar  altered  masses  occur  near  Killellan  and  in  other  por- 
tions of  the  tract  laid  down  on  the  map  as  trap.  Before  noticing 
these,  we  must  describe  the  igneous  rocks  seen  in  this  district  with 
which  they  are  intimately  connected. 
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In  his  Geological  Map  of  Scotland  Dr.  Macculloch  lays  down  a 
band  of  igneous  rock  as  extending  continuously  from  the  bay  east 
of  Campbeltown  to  the  west  coast  between  Losset  and  Machrihanish. 
This  band  has  no  existence  in  reality,  the  porphyry  quarried  to  the 
east  of  the  town  being  soon  interrupted  by  the  slate  and  limestones, 
and  igneous  rocks  only  again  appear  near  Kilkivan,  about  four  miles 
distant.  On  the  other  hand,  a  large  portion  of  the  southern  district, 
coloured  by  him  as  mica-slate,  is  a  nearly  continuous  mass  of  igneous 
rocks,  intermixed  with  or  overlying  secondary  strata.  In  the  district 
north  of  Campbeltown  Loch  a  large  outburst  of  igneous  rocks  has 
also  taken  place,  of  which  no  trace  appears  in  his  map.  The  most 
abundant  igneous  rocks  are  varieties  of  felspar  and  cUystone  por- 
phyries, and  then  several  kinds  of  greenstone.  Of  the  former  the 
porphyries  of  Davar  island,  formerly  described  by  Dr.  Macculloch, 
are  the  most  remarkable,  and  fully  merit  the  praise  he  has  bestowed 
on  them.  The  most  common  have  a  clove-brown  felspar  basis,  with 
imbedded  crystals  of  labradorite.  In  others  the  basis  shows  purphah 
tints  with  disseminated  light  green  crystals,  and  others  again  hare  a 
green  basis  with  clove-brown  crystals.  The  stone  is  always  crystal- 
line and  of  a  very  firm,  uniform  texture,  and  seems  admirably  fitted 
for  ornamental  works,  whilst  the  island  would  furnish  an  inexhaust- 
ible supply  with  the  most  ready  means  of  transport.  This  mass  of 
porphyry  rises  up  in  an  isolated  position  from  the  sea,  and  there  is 
thus  no  means  or  determining  its  age ;  but  many  of  the  boulders  in 
the  red  conglomerate  closely  resemble  this  rock,  and,  if  derived  from 
it,  would  carry  its  origin  back  to  a  very  remote  epoch. 

The  porphyries  on  the  mainland  are  generally  far  less  hard  and 
crystalline  than  those  of  Davar  island.  The  chief  exception  is  a  mass 
of  porphyry  or  syenite  seen  on  the  road  to  the  Light-house  in  the 
slates  of  the  Mull  district.  This  is  a  very  hard  rock  with  a  basis  of 
flesh-red  orthoclase,  in  which  are  disseminated  a  considerable  amount 
of  a  greenish  white  mineral,  perhaps  oligoclase,  but  much  decom- 
posed in  the  specimens  I  brought  away,  then  dark  green  hornblende 
in  minute  crystals,  and  grains  of  quartz.  The  other  porphyries  are 
often  claystones  or  compact  felsitea,  like  those  of  the  Braid  Hills  or 
PenUanda  near  Edinburgh,  and  some  of  them  even  mere  granular 
tufas,  almost  like  sandstones. 

As  these  rocks  intrude  on  the  coal-formation,  they  cannot  be  older 
than  its  deposition,  and  not  improbably  are  much  newer.  One  of 
them,  of  a  reddish  yellow  colour,  quarried  near  Kilkivan,  taint 
angular  fragments  of  shale  converted  into  a  kind  of  jasper,  but  still 
retaining  all  the  laminar  texture  of  the  original  rock.  6ne  of  these 
altered  fragments  consisted  of  almost  innumerable  layers  of  shale,  not 
much  thicker  than  paper,  but  readily  distinguished  by  their  differ- 
ences of  colour  or  tint. 

The  other  igneous  rocks  are  augitk  traps,  partly  greenstones  or 
dolerites,  partly  compact  or  basalts.  One  of  the  most  remarkable  of 
them  is  a  basaltic  breccia  which  forms  the  summit  of  Knock-Scalbert, 
immediately  north  of  Campbeltown.  It  consists  entirely  of  ngnlar 
fragments,  generally  not  larger  than  a  common  marble,  but  all  loosely 
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reagglutinated  into  one  mass.  The  rock  is  one  of  the  most  singular 
breccias  I  have  ever  seen,  and  appeared  as  if  the  dome  of  basalt  had 
been  shivered  by  a  violent  blow  into  innumerable  fragments  and  then 
again  subjected  to  heat  until  these  fragments  partially  adhered. 
Some  other  examples  of  these  formations  will  be  subsequently  noticed, 
and  I  shall  only  add,  that  it  is  not  in  all  cases  possible  to  separate 
the  felspar  series  of  rocks  from  those  containing  augite.  They  not 
only  occur  together,  but  appear  to  graduate  into  each  other  occa- 
sionally. 

The  geographical  distribution  of  these  igneous  rocks  is  shown  ge- 
nerally by  the  map,  PI.  XXIII.  Their  relations  to  the  stratified 
deposits  vary  considerably  in  different  localities.  Those  seen  in  the 
hills  north  of  Campbeltown  partly  overlie,  partly  are  intercalated 
among,  the  limestone  and  slate  rocks,  and  partly  intersect  them  in 
veins.  The  igneous  formation  in  the  south  of  the  peninsula  also  oc- 
casionally overlies  or  intersects  the  slates  in  beds  or  veins.  More  often, 
however,  it  is  connected  with  the  red  sandstones  and  carboniferous 
strata  of  that  district,  which  appear  imbedded,  as  it  were,  among  the 
igneous  rocks,  in  fragments  the  form  and  position  of  which  I  had  not 
the  means  of  working  out  in  detail. 

Some  of  the  sections  of  these  rocks  are  very  interesting.  One  of 
the  most  remarkable  is  exposed  in  the  cliffs  on  the  west  coast  about 
a  mile  south  of  Losset.  In  this  place  a  large  outburst  of  igneous 
rocks,  sometimes  amygdaloidal  greenstones,  at  other  times  grey  fri- 
able tufas,  full  of  veins  of  fibrous  calc-spar  or  pure  crystallized  quartz, 
overlies  beds  of  reddish  clay,  resting  on  limestone,  and  this  on  sand- 
stone. The  sandstone  near  the  igneous  rock  is  much  hardened ;  the 
limestone,  of  a  greyish  white  colour,  is  nodular,  concretionary,  of  a 
saccharoid  texture,  and  interlaminated  with  veins  of  calc-spar  and 
steatite. 

A  little  further  south,  the  manner  in  which  the  trap  has  found  its 
way  to  the  surface  is  very  beautifully  shown.  The  shore,  where 
laid  bare  by  the  waves,  between  high  and  low  water-mark,  consists 
of  beds  of  highly  contorted  mica-slate,  dipping  about  35°  to  S.  45°  £. 
Higher  up,  on  the  old  elevated  sea-beach,  the  rocks  are  concealed  by 
blown  sand  and  the  debris  from  the  steep  and  lofty  cliff  above.  This 
cliff  is  formed  of  sandstone  and  limestone,  which  project  in  thick  beds 
from  the  turf.  In  the  place  represented  in  the  accompanying  figure 
(fig.  2),  two  veins  of  trap  run  nearly  vertically  up  the  cliff;  and  are 
again  seen  in  a  horizontal  section  on  the  shore  intersecting  the  mica- 
slate.  The  smaller  vein,  on  the  north,  is  about  4  feet  wide,  and  is 
a  dark  greenstone,  divided  into  horizontal  columns  in  the  centre,  but 
with  vertical  laminae  on  the  sides.  In  the  sandstone  its  course  is 
nearly  straight,  but  in  the  mica-slate  it  is  very  tortuous  and  irregular, 
the  contortions  in  the  slate  having  probably  caused  the  fissure  to 
assume  a  very  rugged  form.  The  larger  vein  is  about  40  feet  wide, 
and  is  a  grey  porphyritic  amygdaloid.  In  passing  through  the  mica- 
slate  these  veins  do  not  seem  to  alter  its  usual  characters,  but  merely 
to  fill  a  fissure  in  it.    The  smaller  vein  appears  to  spread  out  in  a 
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tabular  mass  above,  whilst  the  larger  vein  terminates  abruptly  in  a 
rounded  knoll. 

Fig.  2. — Trap-vein*  in  the  Cliffe  near  Louet. 


a.  Sandstone  and  limestone.  A.  Trap-mas. 


Further  north  similar  veins  traverse  the  massive  or  bedded  trap, 
and  often  project  from  its  surface  like  rude  walls.  They  are  well 
exhibited  on  many  parts  of  the  terrace  or  raised  beach,  having  appa- 
rently resisted  the  denuding  influence  of  the  sea  better  than  the  hori- 
zontal mass.  They  are  also,  I  think,  often  of  a  harder  and  more 
crystalline  structure  than  the  latter,  from  which  they  must  differ  in 
point  of  age. 

One  of  the  most  interesting  exhibitions  of  the  trap-rocks  occurs  on 
the  east  coast,  near  the  ruins  of  Kilhousland  church,  to  the  north  of 
Campbeltown  harbour.  In  this  place  a  vein  of  dark  ferruginous 
greenstone,  divided  at  right  angles  to  the  sides  into  nearly  horizontal 
columns,  intersects  a  mass  of  light-grey  trap  which  forms  the  shore 
for  a  considerable  distance.  In  some  places  the  latter  becomes  highly 
concretionary,  and  is  divided  into  vertical  columns  which  cover  the 
shore  like  a  miniature  Giant's  Causeway.  These  columns  are  sepa- 
rated from  each  other  by  veins  of  calc-spar,  haematite,  and  green 
earthy  carbonate  of  copper,  and  the  whole  rock  is  in  some  places  im- 
pregnated with  the  latter  mineral.  The  hematite  is  either  compact 
and  siliceous,  with  portions  of  red  hornstone,  or  it  is  more  granular, 
with  veins  and  nodules  of  calc-spar  and  grains  of  green  earth,  or  coo- 
tains  druses  of  calc-spar  lined  with  crystals  of  quarts.  The  harmatite 
veins  are  sometimes  3  or  4  inches  wide,  but  generally  much  less. 
Occasionally  the  included  column  has  been  entirely  removed,  when 
the  intercolumnar  veins  remain  like  empty  honey-combs. 

The  structure  of  this  singular  columnar  mass  might  give  rise  to 
many  speculations.  The  usual  theory  of  the  formation  of  basahic 
columns  is  that  they  have  been  formed  by  the  contraction  of  the  mass 
in  cooling,  and  their  position,  always  at  right  angles  to  the  walls  or 
cooling  surface,  so  far  confirms  this  theory.  In  general  the  prisms 
fit  each  other  very  closely,  with  no  wider  spaces  than  the  contraction 
of  the  man  might  be  supposed  capable  of  producing.  Here,  however, 
we  find  columns  of  about  a  foot  in  diameter  separated  by  intervals  of 
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from  half  an  inch  to  3  or  4  inches,  which  is  far  more  than  mere  con- 
traction could  produce.  It  seems,  therefore,  necessary  to  suppose, 
either  that  the  veins  of  haematite  were  segregated  from  the  rock 
contemporaneously  with  the  formation  of  the  columnar  structure,  or 
that  after  their  formation  the  prisms  were  somehow  forced  asunder, 
and  the  vein-matters  introduced  between  them.  The  latter  appears 
to  me  the  more  probable  hypothesis  of  this  very  curious  formation. 

The  facts  just  mentioned,  relative  to  these  igneous  rocks  show  that 
they  not  only  differ  much  in  mineral  character,  but  also  have  been 
formed  at  very  different  periods.  Some  are  probably  more  ancient 
than  the  red  conglomerate  or  coal-formation ;  others  are  contempo- 
raneous with  these  beds  ;  others  again  were  produced  after  their  de- 
position, whilst  a  fourth  group  even  intersect  the  latter  as  veins. 
Their  mode  of  occurrence  also  differs  very  much ;  some  appearing  as 
huge  domes  or  prisms  pushed  up  through  the  strata ;  others  as  over- 
flowing or  intercalated  beds;  and  others  as  veins  or  dykes  filling 
cracks  or  fissures  in  the  older  formations  both  stratified  and  ig- 
neous. 

In  Dr.  Macculloch's  map  of  Scotland,  part  of  the  valley  west  of 
Campbeltown  is  coloured  as  Lias,  and  the  same  formation  is  marked 
as  occurring  in  this  locality  in  most  of  the  recent  geological  maps  of 
the  British  Islands.  After  a  careful  examination  of  the  district,  I 
have  not  been  able  to  find  any  indications  of  the  Lias  formation. 
The  plants  in  the  coal-beds  now  wrought  are,  as  formerly  noticed, 
only  those  of  the  true  Coal-formation,  and  no  trace  of  lias  fossils  was 
observed  either  in  the  rocks  themselves  or  in  the  detritus  of  the 
country.  In  the  sandstones  and  limestones  connected  with  the  trap- 
rocks  organic  remains  appear  to  be  wanting,  but  the  general  charac- 
ter of  the  beds  and  their  relation  to  the  undoubted  carboniferous 
strata,  left  no  doubt  in  my  mind  that  they  were  portions  of  this 
rather  than  of  any  more  recent  group  of  rocks.  It  thus  appears,  that 
the  Lias  must  be  obliterated  from  this  portion  of  the  geological  map 
of  Scotland.  How  it  ever  came  to  be  introduced  is  not  readily  ex- 
plained. In  his  '  Mineralogical  Travels,'  Professor  Jameson  describes 
the  beds  as  belonging  to  the  Coal-formation.  In  his  work  on  the 
Western  Isles*,  Dr.  Macculloch  says  that  the  coal  wrought  near 
Campbeltown  is  a  portion  of  that  of  Ayrshire.  In  the  same  place, 
however,  he  identifies  it  also  with  the  coal  underlying  the  trap  in 
Mull  and  Morven,  and  when  the  latter  was  proved  to  belong  to 
the  Lias,  he  probably  assumed,  without  renewed  investigation,  that 
this  was  true  in  like  manner  of  the  coal  at  Campbeltown. 

The  tract  coloured  in  Macculloch's  map  as  Lias,  together  with  a 
part  of  the  red  sandstone  on  the  north,  is,  however,  covered  to  a 
great  depth  with  recent  deposits,  partly  at  least  of  tertiary  age.  The 
country  between  the  Loch  of  Campbeltown  and  Machrihanish  Bay  on 
the  Atlantic  is  a  low  broad  valley,  known  as  the  Laggan  of  Cantyre, 
and  so  little  elevated  above  the  sea  that  a  depression  of  40  feet  or 
less  would  convert  the  whole  southern  part  of  the  peninsula  into  an 
island.  This  valley  is  filled  by  various  unconsolidated  deposits.  The 
*  Vol.  ii.  p.  71. 
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lowest  of  these  is  a  mass  of  red  clay,  very  hard  and  tenacious,  and 
containing  large  rounded  boulders  often  grooved  and  striated.  This 
bed  thus  corresponds  with  the  great  Drift  or  Boulder  Clay  deposit  in 
other  parts  of  Scotland.  On  it  rest  thick  shingle-banks,  composed 
of  layers  of  sand,  gravel,  and  well-rounded  stones  of  various  sbea. 
On  these  stones  no  grooves  or  striae  were  seen,  but  they  closely  re- 
semble the  waterworn  stones  on  the  shore  of  the  sea.  The  boulder 
clay  in  some  places  rises  into  low  hills ;  the  shingle-deposits  rather 
form  banks  or  terraces,  of  which  three  or  four  at  different  elevations 
may  occasionally  be  traced.  In  the  hollows  between  these  hills  and 
banks  large  deposits  of  peat,  associated  with  fine  clays  and  sands, 
have  been  formed.  Sections  of  the  upper  portions  of  these  forma- 
tions are  often  well  exposed  in  the  banks  of  the  stream  that  drains 
this  valley. 

Fig.  3. — Section  in  the  Moss  near  Backs. 


».  Soil    IS  to  14    I    d.  White  clay   •  to  !• 

A.  Brownuh-red  day   IS  {    e.  Peat,  with  tree*   It  —  M 

r.  Deep  red  ferruginous  day. .  IS  I    /.  Red  da j   S4  —  SS 


Fig.  3  is  one  of  these  sections,  presenting  some  curious  peculiari- 
ties. The  lowest  bed  /  is  a  red  clay,  but  different  in  character  from 
the  inferior  boulder  clay.  Only  from  2  to  3  feet  thickness  of  this 
was  seen,  but  the  bed  is  probably  deeper.  On  it  follows  a  bed  of 
peat  with  numerous  roots  and  branches  of  trees.  In  some  places  the 
roots  seemed  to  have  sunk  into  the  red  clay,  and  there  the  peat  was 
also  deeper.  On  this  followed  a  bed  of  white  clay,  in  one  place 
entirely  cutting  off  the  peat,  as  shown  in  the  section.  Above  this 
was  1 2  inches  of  deep  red  ferruginous  clay,  then  as  much  of  brownish 
red  clay,  and  the  whole  covered  by  about  12  or  14  inches  of  sod. 

The  two  following  sections  (figs.  4  &  5),  of  which  the  details  are 
subjoined,  will  show  the  variAtious  to  which  these  deposits  are  liable; 
though  some  of  the  beds,  as  the  |>eAt-bed  marked  e,  with  if,  c,  and  A. 
seem  very  constant  over  a  considerable  extent  of  surface.    The  wood 
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contained  in  the  moss  is  chiefly  birch  and  oak,  and  the  trees  are  occa- 
sionally of  considerable  size,  one  measuring  above  2\  feet  in  diameter. 


Fig.  4. — Section  near  Dyework  two  miles  west  of  Campbeltown. 


inches. 

a.  Brown  day  with  beds  of  fine  gravel  . .  14 

b.  Brown  clay  with  no  gravel   6 

c.  Light  brown  sandy  clay    S3 


inche*. 

d.  Dark  bluish  brown  clay    20 

e.  Lignite  bed   12 


Fig.  5. — Section  near  Bleachfield  west  of  Campbeltown. 


inches. 

o.  Soil   10  to  12 

b.  Clay  with  veins  of  sand  in  the 

middle  and  more  sandy  below . .  20 

c.  Red  ferruginous  clay    4 

d.  Bluish* white  clay   3 


inches. 

e.  Lignite  bed  of  clay  and  plants 

mixed    2 

/.  Sandy  clay   10 

ff-  Peat   S 

A.  Peaty  gravel   more  than  30 


Besides  the  trees,  leaves,  some  of  them  apparently  of  the  common 
alder,  occur  in  considerable  abundance,  and  hazel-nuts  are  not  un- 
common, and,  when  the  river  was  deepened,  these  were  in  some  places 
found  in  great  heaps.   I  did  not  observe  any  shells  or  animal  remains 
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in  these  beds.  The  roots  of  the  trees  in  the  bed  e  are  often  fixed  in 
the  red  clay  below,  in  which  they  appear  to  have  grown.  The  upper 
beds  exhibit  more  of  a  lacustrine  or  fluviatile  character,  and  near  the 
high  grounds  become  more  arenaceous  and  gravelly  than  in  the  central 
parts  of  the  valley.  They  thus  indicate  the  margin  of  the  ancient  lake 
in  which  these  strata  were  probably  deposited.  The  whole  formation 
reminded  me  of  the  freshwater  and  lignite  beds  on  the  north-east 
coast  of  Norfolk,  formerly  described  by  Sir  Charles  Lyeil,  and  may 
probably  be  regarded  as  of  nearly  the  same  age.  It  is  evidently  more 
recent  than  the  red  Boulder  Clay  or  Till,  but  also  clearly  older  than 
the  great  peat-bed  now  forming  the  surface  of  the  district.  The 
upper  beds  were  probably  deposited  in  a  shallow  lake  which  may 
have  been  drained  by  the  river  cutting  down  the  bank  of  sand  and 
gravel  by  which  the  water  was  retained,  in  consequence  of  its  increased 
action  when  the  land  was  raised. 

The  section  fig.  6,  seen  in  the  bank  of  the  small  river  near  Ma- 
Fig.  6. — Section  near  the  mouth  of  the  Machrihanish  River. 


inches. 

a.  Soil  and  blown  sand   10  to  IS 

b.  Round  water- worn  frrarel    18 

c.  Peaty  toil  with  remains  of  plant*  19 


facte*. 

4.  Brown  arenaceon*  clay   M 

r.  Sandy  clay*  with  Ujm  of  gravel  St  to  «• 
/.  Bed*  of  tend  and  gravel   


chrihanish,  exhibits  the  relation  of  these  older  and  lacustrine  beds  to 
the  blown  sand  and  more  recent  deposits  on  the  coast.  The  whole 
shore  of  the  bay  is  occupied  by  hills  of  blown  sand,  covered  by  scanty 
herbage.  In  this  place  these  blown  sands  are  seen  resting  uncoo- 
formably  agas  *st  the  ends  of  the  more  ancient  beds,  and,  what  is 
curious  eno  ,  f.  he  newer  beds  are  inclined  at  a  considerable  angle, 
whilst  thi/0  T^es  arc  nearly  horizontal. 

That**1'  ™U/       the  Hyde  have  recently  been  elevated 

*W  *  8°me  °[  U\l  the  former  level  of  the  sea  is  now'so  well  known, 
seem  very  constant  o 
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that  I  should  hardly  have  thought  of  noticing  the  fact  had  it  not 
been  for  some  other  connected  points.  One  of  these  is  the  long 
period  during  which  the  land  appears  to  have  remained  stationary  at 
its  former  level.  All  round  the  Mull  of  Canty  re  the  ancient  sea-line 
is  marked  by  lofty  precipitous  cliffs,  hollowed  out  in  many  places 
into  deep  caves.  Even  where  they  occur  in  the  red  sandstones, 
limestones,  or  softer  trap-rocks,  these  sea-worn  caves  are  well  calcu- 
lated to  excite  surprise.  But  this  is  far  more  the  case  where  they 
have  been  excavated  in  a  hard  rock  like  the  porphyries  of  Davar 
Island.  The  effects  of  sea-action  on  this  isolated  roclc  are  exceedingly 
interesting.  On  the  north-west  side,  which  is  turned  to  the  land  or 
mouth  of  the  harbour,  the  island  slopes  gradually  to  the  sea-level, 
and  the  ancient  beach  is  scarcely  marked  by  a  slight  notch  or  inden- 
tation. On  the  eastern  side,  turned  to  the  open  Firth,  it  is  sur- 
rounded by  high  bold  cliffs  of  rudely  prismatic  porphyry.  Below 
this  vertical  wall,  a  horizontal  ledge  of  rock  extends  outwards  for 
fifty  yards  or  more,  and  is  covered  m  most  places  at  high  water,  but 
is  dry  at  ebb  tide.  This  ledge  also  terminates  abruptly  in  another 
vertical  wall,  the  water,  on  one  occasion  when  I  visited  it,  being  about 
four  feet  below  its  edge,  but  still  apparently  very  deep.  Its  surface  is 
strewed  with  huge,  well-rounded  blocks  of  porphyry,  which  almost 
disappear  near  the  outer  margin,  but  become  more  abundant  near  the 
foot  of  the  cliff.  Boulders  of  12  to  18  inches  in  diameter  are  very 
common,  and  are  usually  thoroughly  rounded,  showing  that  the 
waves  have  no  difficulty  in  moving  stones  of  that  size.  When  from 
4  to  6  feet  in  diameter  the  blocks  are  generally  more  cubical  and  only 
the  corners  worn  off,  but  even  then  they  are  evidently  yielding  to  the 
abrading  influences  of  the  sea.  On  the  south-east,  or  most  exposed 
side  of  the  island,  the  ledge  seems  to  be  rapidly  disappearing,  and 
the  rounded  boulders  covering  it  are  fewer  than  on  the  northern  side 
where  the  wave-action  is  less.  In  the  latter  place  the  ledge  is  wider, 
and  the  blocks  form  thick  heaps,  apparently  arranged  in  two  or  three 
rows  or  beaches. 

These  facts  show  the  present  action  of  the  sea  obliterating,  as  it  were, 
the  traces  of  its  action  in  former  times.  The  old  and  new  beaches 
will  sooner  or  later  coincide,  and  all  record  of  the  former  be  then 
wholly  destroyed.  To  judge  from  appearances,  the  sea  must  have 
stood  much  longer  at  the  higher  level  than  it  has  at  its  present  ele- 
vation. In  the  wall  of  rock  above  this  ledge,  and  quite  beyond  the 
action  of  the  waves  at  the  present  time,  many  caves  occur.  One  of 
these  with  a  double  mouth,  or  rather  two  caves  meeting  in  the  in- 
terior, measured  130  feet  in  length.  Its  sides  and  bottom  were 
smooth  and  worn  as  if  by  the  beating  of  the  waves,  and  the  heaps  of 
well-rounded  stones,  covering  the  floor  in  many  places,  showed  the 
tools  by  which  this  immense  excavation  had  been  chiselled  out  of  the 
solid  rock.  Fragments  of  recent  shells  were  lying  on  the  floor,  but 
probably  carried  m  by  men  or  by  the  sea-fowl,  which,  with  flocks  of 
wild  pigeons,  had  their  nests  in  crevices  of  the  lofty  walls.  When  the 
waves  beat  into  this  cave,  the  sea  must  have  been  at  least  30  feet 
relatively  higher  than  at  present.    Even  though  some  fissure  in  the 
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rock,  or  softer  rein  of  stone,  may  have  determined  the  greater  waste 
in  this  place,  still  the  time  required  for  its  formation  must  hare  been 
enormous.  It  seems  indeed  almost  impossible  to  estimate  the  num- 
ber of  ages  spent  by  the  wares  in  cutting  out  a  care  of  130  feet  in 
length  in  a  rock  of  such  hardness  as  the  porphyries  of  Darar  Island  *. 

There  are  other  indications  of  recent  geological  action  in  this  lo- 
cality which  it  is  sufficient  merely  to  mention.  Many  of  the  striated 
boulders  in  the  clays  are  apparently  derived  from  a  distance,  and 
some  detached  travelled  stones  are  seen  on  the  surface.  Thus,  near 
Macharioch  I  observed  several  large  boulders  of  white  granite,  one  of 
them  measuring  5  feet  by  4,  and  projecting  2  feet  from  the  ground 


Arran,  which  is  the  nearest  place  where  this  rock  occurs  in  ntu, 
though  at  the  distance  of  twenty-fire  miles  across  the  deep  hollow  of 
the  Kilbrannan  Sound.  Striated  rocks  were  noticed  in  several  lo- 
calities, of  which  the  following  were  the  most  distinct : — 

Hill  above  Smerbie,  on  east  coast,  on  claystone-porphyry.  Direction 

S.  55°  £.    In  the  line  of  a  hollow  to  the  sea. 
On  the  south  road,  east  coast,  near  the  third  milestone,  on  clavstonev 

jwrphrr^.  Horisontal  striae  on  a  vertical  face  of  rock.  Direction 

On  the  south  road,  near  the  sixth  milestone,  striae  on  sandstooe 
newly  uncovered.  Direction  £.  10°  N.  (by  compass).  This  is 
nearly  parallel  to  the  line  of  coast,  and  in  the  direction  of  Arran. 
The  north-east  faces  of  the  rock  seemed  the  most  highly  polished. 

On  the  road,  about  four  miles  from  the  Lighthouse,  the  newlv  exposed 
mica-slate  was  rounded,  with  indistinct  striae,  some  running  nearly 
N.  and  S.  along  the  valley  to  the  sea. 

Some  results  of  the  examination  of  this  little- visited  portion  of 
Scotland  appear  of  considerable  interest  in  connection  with  the  gene- 
ral geology  of  the  country.  In  regard  to  the  oldest  rock,  or  so-called 
mica-slate,  its  most  important  peculiarities  are  its  arenaceous,  slightly 
metamorphosed  character  and  peculiar  mineral  composition,  on  the 
one  hand, — its  anomalous  direction  and  constant  easterly  dip  on  the 
other.  In  a  former  communication  to  the  Society  f,  1  pointed  out 
the  approximate  parallelism  of  the  great  band  of  clay-slate  and  mica- 
slate  along  the  southern  margin  of  the  Grampians  to  the  Silurian 

*  Betides,  we  must  take  into  account  the  portions  cut  away  from  the  exterior 
during  the  formation  of  the  interior  cave.  The  length  of  this  cave  marks,  not  the 
total  wave-action  during  the  period  of  its  formation,  but  the  difference  of  this 
action  in  the  interior  and  on  the  exterior.  The  sea-cliff  in  which  these  cms 
occur  is  no  less  strongly  marked  on  the  opposite  shore  of  the  Firth  of  Clyde,  in 
the  Silurian  rocks  described  by  Sir  R.  Murchison.  It  is  there  also  perforated  by 
caves,  or  cat  by  open  fissures  of  enormous  size,  marking  the  long  period  daring 
which  the  sea  remained  at  this  level.  It  is  remarkable,  that,  although  serrmi 
supposed  higher  beach-lines  have  been  pointed  out,  none  of  them  exhibit  either 
the  continuous  line  of  cliff,  or  the  numerous  sea- worn  caves  of  this  30-feet  beach. 
It  evidently  marks  a  period  of  longer  pause  in  the  upward  motion  of  the  land  than 
any  former  line — a  pause  also  longer  than  the  present  has  yet  been. 

t  Quart.  JourtL  CeoL  Soc.  rol.  vi.  p.  53  H  i+q. 


in  which  it  was  partially  buried. 
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strata  in  the  south  of  Scotland ;  and  expressed  my  belief  that  these 
two  formations  were  the  two  sides  of  a  great  synclinal  trough  in 
which  the  coal-formation  was  deposited.  The  facts  above-noticed 
seem  to  add  confirmation  to  this  view.  In  mineral  character  the 
beds  are  intermediate  between  the  Silurian  slates  and  greywackes 
in  the  south,  and  the  crystalline  strata  on  the  north.  The  position 
of  the  beds  corresponds  to  this  view.  The  peninsula  of  Cantyre 
is  as  it  were  the  outcrop  of  the  western  extremity  of  the  long 
trough-like  basin  of  central  Scotland.  I  have  not  examined  the 
upper  part  of  the  peninsula  between  Skipness  and  Loch  Tarbert,  but 
have  little  doubt,  from  its  physical  geography,  that  the  strata  there 
will  be  found  curving  gradually  round  into  the  normal  E.N.E.  di- 
rection of  the  central  Highlands.  The  clay-slate  in  Arran  shows  the 
same  curve,  but  thrown  off  much  further  to  the  east  by  the  intrusion 
of  the  granite  of  Goatfell,  which,  however,  took  place  at  a  more 
recent  period,  or  after  the  deposition  of  the  carboniferous  strata*. 
In  confirmation  of  the  identity  of  the  crystalline  strata  in  the  north 
with  the  Silurian  rocks  of  the  south,  we  may  mention  the  illustrative 
fact  that  calcareous  matter  pevails  most  extensively  towards  the  west- 
ern extremity  of  both  groups  of  rocks.  In  the  Silurian  strata  at  their 
eastern  termination  near  St.  Abb's  Head,  no  calcareous  beds  are 
known ;  they  begin  to  appear  in  thin  courses  in  Peeblesshire  near  the 
centre  of  the  chain,  and  are  very  abundant  in  Ayrshire.  It  is  the 
same  with  the  crystalline  strata.  In  the  coast-section  from  Stone- 
haven to  Aberdeen,  I  have  seen  no  calcareous  bands ;  in  Forfarshire 
and  Perthshire  several  are  known ;  they  become  still  more  abundant 
in  the  north  of  Argyllshire ;  and  in  Cantyre  we  have,  as  just  stated, 
a  great  group  of  limestone  rocks. 

If  this  analogy  be  sustained,  it  follows  that  the  upheaval  of  these 
strata  has  taken  place  soon  after  the  deposition  of  the  Lower  Silurian 
series,  and  that  no  new  strata  have  been  formed  until  near  the  close 
of  the  Devonian  or  commencement  of  the  Carboniferous  epoch.  In 
this  place,  at  all  events,  the  upper  old  red  sandstone  and  coal-forma- 
tion rest  immediately  on  a  mica-slate,  which  I  conceive  to  be  of  Lower 
Silurian  age,  the  whole  of  the  Upper  Silurian  and  Lower  Devonian 
being  omitted.  The  same  order  seems  to  prevail  in  the  north  and 
west  of  Ireland,  where,  in  some  places,  the  red  conglomerates  and 
coal-measures  follow  immediately  on  the  mica-slate,  in  others  on  the 
Middle  or  Lower  Silurians.  Hence  the  great  break  in  the  continuity 
of  the  Scottish  formations  is  between  the  Lower  Silurian  strata  on 
the  one  hand,  and  the  Old  Red  Sandstone  on  the  other  f. 

I  formerly  pointed  out  the  predominance  in  the  mountain-chains 
of  Scotland  of  two  great  lines  of  elevation,  the  one  running  from 
W.S.W.  to  E.N.E.,  predominating  in  all  the  eastern  and  central  por- 
tions of  the  kingdom ;  the  other  with  a  S.W.  to  N.E.,  or  even  more 

*  See  Sedgwick  and  Murchison  on  the  Geology  of  Arran,  Trans.  Geol.  Soc. 
2nd  ser.  vol.  iii.  p.  21. 

f  This  may  explain  why  Scottish  geologists  generally  placed  the  division-line 
between  the  Transition  (= Silurian)  formations  and  the  Secondary  before  the  Old 
Red  Sandstone,  and  not  subsequent  to  it  as  in  other  countries. 
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north  and  south  direction,  predominating  on  the  west  coast*.  I  also 
referred  the  origin  of  the  former  line  to  the  outburst  of  the  older 
granites;  of  the  latter  rather  to  the  newer  porphyries  and  traps. 
Subsequent  observations  have  greatly  confirmed  these  views,  and  im- 
pressed me  with  the  conviction  that  the  most  marked  features  in  the 
physical  geography  of  Scotland  may  be  referred  to  the  great  W.S.W. 
and  E.N .E.  line  of  elevation  on  the  one  hand,  and  on  the  other  to  a 
second  great  line  of  upheaval  running  nearly  north  and  south  along 
the  west  coast,  and  passing  as  it  were  into  the  first  line  in  the  re- 
markable fissure  of  the  Great  Glen. 

Though  the  crystalline  strata  on  the  southern  margin  of  the  High- 
lands are  thus  identified  with  the  clay-slates  and  greywackes  of  the 
southern  Silurian  rocks,  I  would  not  extend  this  view  to  the  great 
gneiss  formation  (including  much  quartz  rock)  which  covers  about 
one-third  of  the  whole  surface  of  Scotland.  I  have  not  yet  had  suf- 
ficient opportunities  of  examining  the  relations  of  this  rock  to  the  gra- 
nite and  mica-slates  with  special  reference  to  the  question,  to  speak 
with  confidence  on  the  matter.  Be  this  as  it  may,  it  seems  evident 
that  we  need  look  for  no  lower  group  of  fossiliferous  strata  below  the 
Silurian  in  this  part  of  the  kingdom.  If  these  have  been  converted 
into  crystalline  clay-slates  and  mica-slates,  any  lower  group  of  rocks 
must  have  been  much  more  highly  metamorphosed,  and  all  trace  of 
organization — if  such  ever  existed  in  them — wholly  obliterated. 

The  red  sandstones  and  coal-measures  show  a  connection  on  the 
one  hand  with  the  rocks  of  the  same  age  in  the  central  district  of 
Scotland,  and  also  with  the  small  deposit  of  coal  formerly  wrought 
near  the  Fair  Head  on  the  opposite  coast  of  Ireland,  which  also  rests 
immediately  on  crystalline  strata.  We  have  here  the  western  termi- 
nation of  the  great  gulf  or  basin  in  which  the  carboniferous  strata  of 
Scotland  were  deposited.  The  outlines  of  the  margin  of  this  carbo- 
niferous basin  may  thus  be  pretty  accurately  traced  out  on  the  west, 
whilst  on  the  eastern  side  it  probably  opened  into  the  great  sea  on 
whose  shores  or  gulfs  the  coal  of  the  nortn  of  England  was  deposited. 
This  definition  of  the  margin  of  the  carboniferous  sea  may  so  far 
compensate  for  the  erasure  of  the  lias  from  this  part  of  Scotland, 
where  it  seemed  to  form  a  valuable  connecting  link  between  the 
mesosoic  Irish  strata  and  those  of  the  Hebrides. 

The  changes  now  introduced  into  the  geological  map  of  Cantyre 
show  that  its  structure  bears  the  closest  analogy  to  that  of  the  neigh- 
bouring island  of  Arran.  In  both  localities  there  is  a  nucleus  or  bam 
of  old  crystalline  strata,  on  or  around  which  a  deposit  of  red  sand- 
stone and  coal  has  taken  place,  all  of  them  again  broken  through, 
altered,  and  overlaid  by  igneous  rocks, — predoniinantlv  felspar  and 
claystone  porphyries.  Both  districts  have  subsequently  been  invaded 
by  innumerable  veins  of  augitic  trap-rocks ;  these  veins  are  seldom 
of  great  width,  but  often  continuous  in  nearly  straight  lines  for  long 
distances.  In  the  lower  red  sandstones  of  both  regions  conglome- 
rates also  prevail.  The  absence  of  primary  boulders  in  the  conglo- 
merates of  Cantyre  recalls  the  fact,  noticed  by  Sir  R.  MurcJusoa  and 
•  Geology  of  Scotland,  p.  1 1-16. 
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Professor  Sedgwick,  of  the  want  of  granite  boulders  in  those  of  Arran. 
Both  rocks  also  abound  in  water-worn  fragments  of  hard  sandstones, 
thus  evidently  belonging  to  some  more  ancient  formation,  though  of 
what  age  and  where  existing  cannot  now  be  determined.  The  date 
of  some  portions  of  the  red  sandstones  both  in  Arran  and  Cantyre  is 
very  uncertain  from  the  entire  want  of  fossils.  The  distinguished 
geologists  just  named,  though  now  of  a  different  opinion,  and  regard- 
ing it  as  carboniferous,  at  one  time  considered  the  sandstone  in  the 
south  of  Arran  as  the  New  Red  Sandstone,  whereas  Dr.  Macculloch 
coloured  the  whole  as  Old  Red,  identical  with  that  below  the  coal  on 
the  opposite  coast  of  Ayrshire.  This  is  no  doubt  the  true  age  of  a 
portion  of  that  in  Cantyre,  though  other  parts,  mentioned  above  as 
probably  contemporaneous  with  the  felspar-porphyries,  would  in  that 
case  be  of  newer  date,  and  even  posterior  to  the  coal.  In  the  absence 
of  organic  remains,  it  is,  however,  impossible  to  determine  their  pre- 
cise age,  or  their  relation  to  the  strata  of  other  countries. 

The  introduction  of  the  large  overlying  mass  of  trap  is  the  most 
important  change  I  have  been  able  to  make  in  the  geological  map  of 
this  portion  of  Scotland.  It  has  long  been  known  that  an  almost 
continuous  band  of  igneous  rocks  traverses  the  country  from  the 
German  Ocean  near  Montrose  to  the  island  of  Arran.  Here 
formerly  it  might  have  been  supposed  to  terminate,  the  fragments 
laid  down  by  Macculloch  near  Campbeltown  being  comparatively 
inconsiderable.  Now,  however,  they  are  found  to  appear  in  full  force 
in  the  southern  part  of  Cantyre,  thus  traversing  the  entire  breadth 
of  Scotland,  and  connectingthe  trap-rocks  of  that  country  with  those 
in  the  north  of  Ireland.  The  age  of  the  trap-rocks  associated  with 
the  Scottish  coal-field  is  very  uncertain,  there  being  no  more  recent 
formations  with  which  their  outburst  can  be  compared.  Could  we 
regard  the  igneous  rocks  in  the  north  of  Ireland  as  the  true  conti- 
nuation of  this  band,  its  origin  at  a  far  more  recent  period  than  is 
usually  supposed  would  be  so  far  rendered  probable.  The  direction 
of  this  band  is  approximately  parallel  to  the  southern  Silurian  rocks 
and  the  northern  mica-slates  and  clay-slates.  This  coincidence  of  the 
lines  of  more  recent  igneous  eruptions  with  lines  of  ancient  upheaval 
and  fracture  has  been  repeatedly  observed,  although,  perhaps,  rarely 
on  such  an  extensive  scale.  The  length  of  this  band  even  in  Scot- 
land alone  is  above  150  miles  in  a  straight  line. 


9.  Comparison  of  the  Devonian  Series  of  Belgium  and  England. 
By  D.  Sharpe,  Esq.,  F.R.S.,  G.S. 

[This  paper  was  withdrawn  by  the  Author,  with  the  permission  of  the  Council.] 
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10.  On  the  Meaning  of  the  term  "Silurian  System,"  as  adopted 
by  Geologists  in  various  countries  during  the  last  ten  years.  By 
Sir  R.  I.  Murchison,  F.R.S.,  G.S.  &c. 

[This  paper  was  printed  in  No.  31.  p.  175.] 


1 1 .  On  Air-bubble  Marks,  whether  they  are  distinguishable  from 
Rain-marks.    By  M.  Ed.  Desor. 

[This  paper  was  withdrawn  by  permission  of  the  CoonctL] 


12.  On  the  Sections  of  the  Lower  Lias  at  Mickleton  Tunnel 
and  Aston.    By  G.  E.  Gavey,  Esq.,  F.G.S. 

[The  publication  of  this  paper  is  deferred.] 


13.  On  Foot-tracks  found  in  the  New  Red  Sandstone  at  Lymm, 
Cheshire.   By  Robert  Rawlinson,  Esq. 

[Communicated  by  the  Right  Hon.  the  Earl  of  BUesmere,  P.O&] 

[The  publication  of  this  paper  is  deferred.] 
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TO  THE 

LIBRARY  OF  THE  GEOLOGICAL  SOCIETY, 

April  1st,  1852,  to  June  30M,  1852. 


I.   TRANSACTIONS  AND  JOURNALS. 
Presented  by  the  respective  Societies  and  Editors. 

American  Journal  of  Science.    Vol.  xiii.  no.  39. 
Architect  Journal,  May. 

Assurance  Magazine.    Nos.  5  and  7.    From  the  Institute  of  Actu- 
aries. 

Athenaeum  Journal,  March,  April,  and  May. 

Berwickshire  Naturalists'  Club,  Proceedings.    Vol.  iii.  no.  2. 

Bordeaux,  Socie'te'  Linneenne  de,  Actes.    Tome  xvii.  liv.  6. 

Cambridge  Philosophical  Society,  Transactions.    Vol.  ix.  part  2. 

Chemical  Society,  Quarterly  Journal.    No.  17. 

France,  Socie'te'  Geologique  de  la,  Bulletin.    Deux.  S&ie,  tome  ix. 
f.  5-10. 

Horticultural  Society,  Journal.   Vol.  vii.  part  2. 

Indian  Archipelago,  Journal.   Vol.  v.  nos.  11  and  12;  and  vol.  vi. 
nos.  1  and  2.    From  J.  R.  Logan,  Esq.,  F.G.S. 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine,  April, 
May,  June.   From  R.  Taylor,  Esq.,  F.G.S. 

Paris,  PAcademie  des  Sciences  de,  Comptes  Rendus.    Prem.  Sem. 
tome  xxriv.  nos.  8-22. 

 ,  Memoires  presented  par  divers  savants.   Tome  xiii. 

 ,  rficole  des  Mines,  Annales.    Quatrieme  Serie,  tome  xix. 

liv.  1-3,  and  tome  xx.  liv.  4  and  5. 


428 


DONATIONS. 


Paris,  Museum  d'Histoire  Naturelle  de,  Archives.   Tome  r.  fir.  4, 
and  tome  vi.  liv.  1  and  2. 

 ,  Catalogue  Me*thodique  de  la  Collection  des  Mammiferea. 

Liv.  1. 

 ,  Catalogue  M&hodique  de  la  Collection  des  Reptiles.  Lit.  2. 

Philadelphia  Aeademy  of  Natural  Sciences,  Journal.  VoL  iL  part  2. 

 ,  Proceedings.    Vol.  v.  nos.  11  and  12. 

Puy,  Soci&e' d' Agriculture,  Sciences,  Arts  et  Commerce  du,  Annales 
Tome  xt.  Prem.  Sem.  1850. 

Royal  Cornwall  Polytechnic  Society.    19th  Annual  Report,  1861 . 

Royal  Society,  Proceedings.   Vol.  Ti.  no.  87. 

Scarborough  Philosophical  Society.    20th  Report,  1851 . 

Vienna,  Imperial  Academy  of,  Transactions.    Vol.  iii.  part  1. 

,  Bulletin,  1851.    Vol.  vii.  nos.  3,  4,  and  5. 

Woolhope  Naturalists'  Field  Club,  Rules,  1852.    From  Sir  R.  I. 
Murchison,  F.G.S. 

Zoological  8ociety,  Transactions.   Vol.  nr.  part  2. 


II.   GEOLOGICAL  AND  MISCELLANEOUS  BOOKS. 

Names  of  Donor*  in  Italics. 

Athenaeum  Club,  Annual  Report  of  the.  1852. 

Carter,  H.  J.    Memoir  on  the  Geology  of  the  S.E.  Coast  of  Arabia. 

Davidson,  T.    A  Monograph  of  British  Tertiary  Brachiopoda. 

Part  1. 

 .    Notes  and  Descriptions  of  a  few  Brachiopoda. 

 .    Sketch  of  a  Classification  of  recent  Brachiopoda. 

Delesse,  A.  Memoires  sur  la  composition  et  constitution  mineralo- 
gique  des  Roches  des  Vosges. 

 .    Recherches  sur  1' association  des  Mmeraux  dans  les 

Roches  qui  ont  un  pouroir  magne*tique  elere*. 

D^Orbigny,  A.  Paleontologie  Francaise.  Terrains  Jurasaqiies, 
liv.  71-74;  TeiTainsCi&aceAli?.  177-184.  From  J.  C.  Moore* 
Esq.,  Sec.  G.S. 

Ehrlich,  Carl.  Geognostische  Wanderungen  im  Gebiete  der  nord- 
ostlichen  Alpen.  Ein  special  Beitrag  sur  Kenntniss  Oberot- 
terreich's. 

 .  Ueber  die  nordostlichen  Alpen.  Ein  Beitrag  sur  niheren 

Kenntniss  des  Gebietes  von  Ocsterrach. 


DONATIONS. 
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Gate,  F.    Education  in  England. 
'  Free  Trade  in  Colonization. 
 .    Revolutions  in  France. 

Raidinger,  W.  Berichte  uber  die  Slittheilungeu  von  Freunden  der 
Naturwissenscbaften  in  Wien.    Vol.  vii. 

 .    Naturwissenschaftliche  Abkandlungen.    Vol.  iv. 

Haughton,  Rev.  S.  On  the  Original  and  Actual  Fluidity  of  the 
Earth  and  Planets. 

Hausmann,  J.  F.  L.  Ein  Blick  auf  die  aussere  Geschichte  der 
Koniglichen  Gesellschaft  der  Wissenschaften  zu  Gottingeu. 

Murchison,  Sir  R.  I.  Additional  Remarks  on  the  Deposit  of  (Eningen 
in  Switzerland. 

 .    Geology  of  the  Alps,  Apennines,  and  Carpathians. 

(Abstract). 

 .    On  the  Distribution  of  the  Superficial  Detritus  of  the 

Alps. 

 ,  and  Prof.  Naumann.  On  the  Permian  System  in  Saxony. 

 .    On  the  Silurian  Rocks  of  Dalecarlia. 

 .    On  the  Silurian  Rocks  of  North  Wales. 

Observations  made  at  the  Magnetical  and  Meteorological  Observatory 

at  Bombay,  for  1847.    Part  2.  Meteorological  Observations. 

From  the  Directors  of  the  Hon.  East  India  Company. 

Observations  made  at  the  Magnetical  and  Meteorological  Observatory 
at  Hobarton,  vol.  ii.  From  Col.  Sabine,  by  direction  of  the 
British  Government. 

Pictet,  F.  J.  and  W.  Roux.  Description  des  Mollusques  fossiles 
qui  se  trouvent  dans  les  gres  verts  des  environs  de  Geneve.  Liv.  3. 

Pole,  W.    Water  Supply  of  London. 

Reports  on  the  Gold  Districts  of  Australia.  From  Capt.  P.  King,  R.N. 

Sismonda,  Eugenio.    Osteografia  di  un  Mastodonte  angustidente. 

Smith,  The  Rev.  J.  Pye.  The  Relation  between  the  Holy  Scriptures 
and  some  parts  of  Geological  Science.  5th  Edit.  With  a  short 
sketch  of  the  Life  of  the  Author.  From  the  Editor,  the  Rev. 
J.  H.  Davies,  B.A. 

Sorby,  H.  C.  On  the  Microscopical  Structure  of  the  Calcareous 
Grit  of  the  Yorkshire  Coast. 

 .    On  the  Contorted  Stratification  of  the  Drift  of  the  Coast 

of  Yorkshire. 

Trimmer,  J.    On  the  Agricultural  Geology  of  England  and  Wales. 

 .   On  the  Diluvial  or  Northern  Drift  of  the  Cambrian 

Chain. 


VOL.  VIII. — PART  I. 
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Trimmer,  J.    On  the  Geology  of  Norfolk. 

Walchner,  Fr.     Darstellung  der  geologischen  Verhaltnisae  <k* 
Mainzer  Tertiarbeckens  und  seiner  fossilen  Flora  und  Fauna. 

From  Sir  R.  I.  Murchison,  F.G.S. 

 .    Darstellung  der  geologischen  Verhaltnisse  des  Suat- 

wasser-Mergels  von  Oeningen  und  seiner  foesilen  Flora  und 
Fauna.    From  Sir  R.  I.  MurchUon,  F.G.S. 
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GEOLOGICAL  SOCIETY  OF  LONDON. 


ANNUAL  GENERAL  MEETING,  FEB.  20,  1852.  . 
REPORT  OF  THE  COUNCIL. 

The  Council  of  the  Geological  Society  beg  to  lay  before  the  Meeting 
their  Annnal  Statement  of  the  principal  occurrences  of  the  past  year. 
Although  in  number  the  Society  has  sustained  a  slight  loss  from 
deaths  and  resignations,  still  the  satisfactory  state  of  the  Society's 
finances,  and  the  increasing  demand  for  their  publications,  entitle 
the  Council  to  congratulate  the  Meeting  on  the  general  prosperity  of 
their  affairs.  During  the  past  year  the  Society  has  lost  21  Fellows 
by  deaths,  and  8  by  resignations,  in  all  29.  Thirteen  new  Fellows 
have  been  elected,  and  one  elected  in  the  previous  year  has  paid  his 
admission-fee  in  the  past  year,  in  all  14.  Deducting  this  number 
from  the  29  mentioned  above,  the  total  loss  of  Ordinary  Fellows  is  1 5. 
The  Society  has  lost  I  Foreign  Member  by  death,  while  5  new  Foreign 
Members  nave  been  elected,  thus  reducing  the  total  loss  to  1 1 :  the 
total  number  of  the  Society  in  1851  was  875,  and  in  the  present 
year  864. 

The  income  during  the  past  year  has  exceeded  the  expenditure  by 
£47  11*.  9d.;  and  during  the  last  four  years,  the  total  excess  of 
income  over  expenditure  is  £216  1*.  11c?. 

The  number  of  compounders  at  the  close  of  1850  was  132,  and  at 
the  close  of  1851  it  was  133 ;  4  compounders  having  died  and  5  Fel- 
lows having  compounded  within  the  year,  three  of  whose  compositions 
have  been  vested  in  the  Funds.  The  total  amount  received  from  these 
1 33  compounders  has  been  £41891 0*.  The  amount  of  Stock  held  by 
the  Society  at  the  dose  of  1850  was  £3695  3*.  5d.9  and  at  the  close 
of  1851  £3792  3*.  1  Id. ;  the  estimated  value  of  which  (taking  Consols 
at  95)  is  £3600,  while  two  compositions  still  remain  to  be  funded  in 
the  course  of  this  year. 
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The  Council  have  to  announce  the  completion  of  VoL  VII.  of 
the  Quarterly  Journal,  and  the  publication  of  the  first  Part  of 
Vol.  VIII. 

During  the  past  year,  Mr.  Lumley,  the  Bookseller  in  Southampton 
Street,  proposed  to  the  Council  to  purchase  the  stock  of  unsold  Trans- 
actions in  the  Society's  possession.  The  Council,  after  anxious  con- 
sideration, came  to  the  conclusion,  that  the  best  mode  of  putting  these 
works  in  circulation,  and  thereby  diffusing  a  taste  for  geological  re- 
search, was  to  dispose  of  them  to  a  bookseller  of  reputation.  They 
accordingly  concluded  an  agreement  with  Mr.  Lumley,  under  which 
thev  made  over  to  him,  for  the  sum  of  £100,  all  their  stock  of  Trans- 
actions, with  the  exception  of  50  copies,  which  the  Society  retains  for 
its  own  purposes.  It  was  stipulated  that  the  copper-plates  should 
continue  to  be  the  property  of  the  Society,  and  that  Mr.  Lumley  should 
have  the  use  of  them  for  completing  his  own  sets.  The  Council  at 
the  syne  time  ordered  that  of  the  50  copies  retained  by  the  Society, 
25  shall  be  sold  to  Fellows  at  the  former  reduced  price. 

The  Council  have  taken  into  consideration  the  collection  of  Geolo- 
gical and  general  Maps  in  the  Society's  possession,  with  a  view  to 
render  them  more  available  than  their  present  state  admits  of.  The 
greater  part  of  the  maps  are  not  mounted,  and  therefore  cannot  be 
consulted  conveniently,  or  without  risk  of  injury  ;  and  thus  a  very 
valuable  collection  is  less  noticed  than  it  deserves.  They  have  ac- 
cordingly ordered  that  the  Maps  and  Sections  of  the  Geological  8urvey, 
presented  by  the  Board  of  Ordnance,  together  with  such  other  geo- 
logical maps  as  may  seem  deserving  of  care,  shall  be  mounted  and 
kept  in  cases.  They  have  further  resolved,  that  Fellows  shall  have 
the  privilege  of  borrowing  maps  or  sections  when  mounted,  upon 
making  application  to  the  officers ;  it  being  understood  that  the  map* 
are  not  to  be  used  for  field-purposes  in  geological  excursions.  Toe 
Council  in  granting  this  privilege  think  it  advisable  to  couple  it  with 
this  restriction,  in  which,  as  it  is  for  the  benefit  of  all,  they  trust  the 
Society  will  acquiesce. 

The  Society  has  long  felt  the  want  of  good  geological  maps  of 
Scotland  and  of  Ireland  on  a  large  scale.  The  forthcoming  map  of 
Ireland  by  Mr.  Griffiths  will  soon,  it  is  hoped,  supply  one  of  these 
deficiencies :  for  the  other,  the  Council  have  purchased  Lewis's  Map 
of  Scotland,  and  have  reouested  Mr.  Greenough  and  Mr.  Sharpe  to 
colour  it  geologically ;  which  task  those  gentlemen  have  kindly  un- 
dertaken. 

In  conclusion,  they  have  to  inform  the  Society,  that  they  have 
awarded  the  Wollaston  Palladium  Medal  for  this  year  to  William 
Henry  Fitton,  M.D.,  F.R.S.  and  G.S.,  for  his  many  valuable  and 
original  contributions  to  geological  science ;  more  especially  for  bis 
excellent  and  elaborate  Memoir  "On  the  relations  of  the  Beds  bet  ween 
the  Chalk  and  the  Purbeck  Limestones  in  the  S.E.  of  England,0  pub- 
lished in  the  4th  Volume  of  the  Transactions  of  the  Geol.  8oc  far 
1 833  ;  and  for  "  The  Stratigraphical  account  of  the  Atherfield  Seetkm 
in  the  Isle  of  Wight ; "  published  in  the  Quarterly  Journal  of  the 
Society  for  1 84  7.    The  Council  have  also  awarded  the  balance  of  the 
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Proceeds  of  the  Wollaston  Donation  Fund,  to  John  Morris,  Esq., 
'.G.S.,  to  aid  him  in  the  publication  of  the  2nd  edition  of  his 
valuable  "  Catalogue  of  British  Fossils." 

Report  of  the  Museum  and  Library  Committee. 
Museum. 

In  the  British  Collection,  many  specimens  received  during  the  year 
have  been  placed  in  the  drawers  by  Mr.  Jones,  which  have  made  it 
necessary  for  him  to  arrange  afresh  the  collections  from  the  London 
Clay,  Wealden,  andKimmeridge  Clay  Formations,  in  which  Mr.  Morris 
has  been  kind  enough  to  assist.  The  specimens  above  referred  to 
include  the  beautiful  series  from  the  London  Clay  presented  by 
Mr.  Charlesworth.  The  valuable  collection  of  Fish-remains,  from  the 
Mountain  Limestone,  presented  by  Capt.  Jones,  has  also  been  arranged 
in  good  order. 

The  larger  specimens  (not  in  drawers)  have  been  re-labelled  and 
arranged  in  groups.  The  same  has  been  done  to  such  of  the  large 
specimens  exhibited  on  the  staircase  as  required  it. 

In  the  Foreign  Museum,  the  Fossils  from  the  Cape  of  Good  Hope 
have  been  put  in  excellent  order  by  Mr.  Jones ;  who  has  also  re-labelled 
and  arranged  the  large  specimens  at  the  top  of  the  cases  as  far  as  the 
space  permitted.  There  are  some  valuable  specimens  in  this  museum 
too  large  to  be  placed  in  drawers,  and  for  which  there  is  now  no  place 
provided ;  the  Committee  recommend  that  four  shelves  be  added  to 
the  glazed  recess  on  the  second  landing-place,  for  the  purpose  of  re- 
ceiving them. 

Mr.  Pratt  has  drawn  up  a  Catalogue  of  the  geographical  collections 
of  Foreign  Rock-specimens,  which  will  enable  these  to  be  consulted 
with  convenience. 

Mr.  Pratt  has  undertaken  to  examine  and  put  in  order  the  collec- 
tion of  simple  minerals  in  the  Library,  and  has  already  worked  into 
their  places  most  of  the  additions  to  this  department,  and  arranged 
more  than  half  of  the  collection. 

Library. 

Considerable  additions  of  new  books  and  of  books  lately  bound 
having  been  made  lately,  a  number  of  volumes  have  been  removed  into 
the  Council  Room,  including  early  editions  and  works  seldom  referred 
to.  This  has  made  it  necessary  to  re- arrange  the  books  on  most  of 
the  shelves,  and  to  alter  the  press-marks  in  the  catalogue,  as  well  as 
to  re-label  most  of  the  books ;  all  of  which  work  is  now  complete. 

The  book-case  ordered  by  the  Council  has  been  placed  in  the  As- 
sistant Secretary's  room,  and  will  contain  all  the  additions  likely  to 
come  in  for  some  time. 

The  Committee  feel  it  unnecessary  to  mention  what  has  been  done 
in  the  Map-department,  as  that  will  of  course  be  explained  by  the 
gentlemen  to  whom  that  matter  has  been  referred. 

Signed,         Daniel  Sharpe. 

S.  P.  Pratt. 

Somerset  House,  17th  January,  1852. 
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Comparative  Statement  of  the  Number  of  the  Society  at  the  dose  of 
the  years  1850  and  1851. 

Dec.  31,  1850.         Dec.  31,  1851. 

Compounders   132    133 

Residents   215    207 

Non-residents    461    453 

808  793 

Honorary  Members   17    17 

Foreign  Members    46    50 

Personages  of  Royal  Blood      4—67    4—71 

875  864 


General  Statement  explanatory  of  the  Alteration  in  the  Number  of 
Fellow,  Honorary  Members,  $*c.  at  the  close  of  the  years  1850 
att/1851. 

Number  of  Compounders,  Residents,  and  Non-residents, 


December  31,  1850    808 

Add,  Fellow  elected  during  former  1  j*. . 
years,  and  paid  in  1851  J  ne8MWI11  

—  1 

Fellows  elected,  and  paid,  during  1  Residents    8 

1851  /Non-residents  .  5 

—13 
—  14 

822 

Deduct,  Compounders  deceased   4 

Residents   6 

Non-residents   11 

Resigned   8 

—  29 


Total  number  of  Fellows,  31st  Dec  1851,  as  abort  . .  793 

Number  of  Honorary  Members,  Foreign  Members,  and  ) 

Personages  of  Royal  Blood,  December  31,  1850 ....  J  07 

Add,  Foreign  Members  elected  in  1851    5 


72 

Deduct,  Foreign  Member  deceased   1 

As  above  71 
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Number  of  Fellow*  liable  to  Annual  Contribution  at  the  close  of 
1851,  with  the  Alteration*  during  the  year. 


Number  at  the  close  of  1 850   215 

Add,  Elected  in  former  years  and  paid  in  1851    1 

Elected  and  paid  in  1851   8 

Non-residents  who  became  Resident    7 

231 

Deduct,  Deceased   6 

Resigned   8 

Compounded    4 

Became  Non-resident   6 


—  24 
As  above  207 


Deceased  Fellows. 


James  E.  Bicheno,  Esq. 
John  Fisher,  Esq. 


Compounders  (4). 

I Lord  Langdale. 
L.  H.  Petit,  Esq. 


Viscount  Alford. 
Thomas  Harrison,  Esq. 
Marquis  of  Northampton. 


Resident*  (6). 

Joshua  Milne,  Esq. 
Major-Gen.  Sir  W.  Morison. 
Col.  Edgar  Wyatt. 


Rev.  John  Brown. 
Sir  J.  M'Pherson  Grant,  Bart 
Prof.  John  Kidd,  M.D. 
Rev.  William  Kirb 
Richard  Phillips, 


Non-resident*  (11). 

Lieut.-Col.  Alexander  Robe. 
Rev.  J.  Pye  Smith,  D.D. 
Capt.  Owen  Stanley,  R.N. 
R.  C.  Taylor,  Esq. 
Benjamin  Tucker,  Esq. 


J.  F.  Vandercomb,  Esq 

Foreign  Member  (1). 
A.  Risso,  M.D. 


The  following  Persons  were  elected  Fellow*  during  the  year  1851. 

January  22nd. — Thomas  Webster  Ramraell,  Esq.,  Gwydyr  House, 
Whitehall ;  and  Robert  Rawlinson,  Esq.,  Gwydyr  House,  White- 
hall. 
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February  5th. — James  India,  Esq.,  M.D.,  Green  Royde,  Halifax. 
March  12th. — Charles  Johnston,  Esq.,  Southwick  Crescent,  Hyde 

Park ;  and  Capt.  Richard  Strachey,  of  the  Bengal  Engineers. 
 26th. — John  Kirkpatrick,  Esq.,  Inner  Temple ;  and  George 

Whitmore,  Esq.,  Park  Street,  Grosvenor  Square. 
April  30th. — Edward  John  Hutchins,  Esq.,  M.P.,  Lymington. 
May  14th.— Samuel  J.  Mackie,  Esq.,  Victoria  Grove,  Folkestone. 
June  25th. — Lieut.  H.  U.  Tyler,  Royal  Engineers. 
November  5th. — Capt.  Collinson,  R.E.,  Gateshead. 
 1 9th. — John  Percy,  M.D.,  Museum,  Jermyn  Street ;  and 

Starling  Benson,  Esq.,  Swansea. 
December  3rd. — Thomas  Arundell  Tagg,  Esq.,  Leyton,  Essex ;  Rev. 

Henry  Malcolm  de  la  Condamine,  \  ictoria  Terrace,  Blackheaih  ; 

and  Wentworth  Blackett  Beaumont,  Esq.,  Bywell  Hall,  New- 

castle-on-Tyne. 
 17th. — Frederick  Hindmarsh,  Esq.,  Bucklersbury. 


The  following  Persons  were  elected  Foreign  Members. 

January  8th. — Hen*  Wilhelm  Haidinger,  Vienna ;  James  D.  Dana, 
Esq.,  New  Haven,  Connecticut ;  Herr  Colonel  G.  Von  Uelmersen, 
St.  Petersburg ;  and  Prof.  H.  G.  Bronn,  Ph.D.,  Heidelberg. 

June  25th. — Professor  Angelo  Sismonda,  Turin. 


The  following  Donations  to  the  Museum  have  been  received  since 
the  last  Anniversary. 

British  Specimens. 

Specimens  of  Beyriehia  complicate:  in  Llandeilo  Flagstone ;  presented 
by  Sir  H.  T.  De  la  Beche,  Director-General  of  the  Geological  Sur- 
vey of  Great  Britain. 

Specimens  of  Coal  Plants  from  Ashton-under-Lyne ;  presented  by 
Mr.  Henry  Woolven. 

Specimens  of  Pinnae,  Panopaea,  Pyrula,  Venericardise,  Voluta,  Fec- 
tunculi,  &c,  from  the  Bognor  Rock ;  presented  by  Ashurst  M*- 
jendie,  Esq.,  F.G.S. 

Specimens  or  Corals,  Nautilus,  Ammonites,  &c,  from  the  Silurian, 
Lias,  and  Chalk ;  presented  bv  W.  R.  Binfield,  Esq. 

32  Specimens  of  Fish-remains,  from  the  Carboniferous  limestone  of 
Armagh ;  presented  by  Capt.  Jones,  R.N.,  M.P.,  F.G.S. 

24  Glased  Tablets,  containing  examples  of  Eulima,  Risaoa,  Margi- 
nella,  and  of  other  Genera  from  the  Hampshire  Eocene  Deposits, 
with  Lithographs  of  the  same  magnified ;  presented  by  the  British 
Natural  History  Societv. 

Specimens  of  Ornithoidicnnite  from  the  Wealden,  and  2  casts  of  the 
same,  with  a  cast  and  bones  of  a  Turkey*!  Foot ;  presented  bv  8. 
H.  Beckles,  Esq. 
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74  Specimens  of  Fossils  from  the  Barton  beds ;  presented  by  Edward 
Charlesworth,  Esq.,  F.G.S.,  and  the  British  Natural  History 
Society. 

19  Specimens  of  Fossil  Ophiure ;  presented  by  Sir  P.  G.  Egerton, 

Bart.,  M.P.,  F.G.S. 
Specimen  of  Paramoudra from  the  Chalk;  presented  by  Rev.  J.  Gunn. 


1 2  Specimens  of  Fossiliferous  Rock,  with  Nerinseae,  &c,  from  St. 

Thomas,  West  Indies ;  presented  by  Thomas  Bland,  Esq.,  F.G.S. 
8  Specimens  of  Modern  Rain-Prints  from  the  Bay  of  Fundy ;  pre- 
sented by  Sir  Charles  Lyell,  F.G.S. 
3  Models  of  the  Skull  and  Jaw  of  the  Dicynodon ;  presented  by  the 


A  series  of  Mineral  and  Rock  Specimens  from  Peru ;  presented  by 

Don  Mariano  E.  de  Riviero. 
A  series  of  Tertiary  Fossils  and  Volcanic  Rocks  from  South  Au- 
stralia; presented  by  Dr.  Daniel  Curdie. 
A  series  of  Cretaceous  Fossils  from  Spain ;  presented  by  Don  Ez- 
querra  del  Bayo. 

Specimens  of  Limestone  and  Stalagmite,  containing  Bones  of  Birds, 
Snail  Shells,  &c,  from  a  Cave  at  Bermuda ;  presented  by  J.  D. 
Anderson,  Esq. 

13  Specimens  of  Shales  with  Fossil  Fish,  and  of  Bituminous  Coal 
from  Hilsboro',  New  Brunswick ;  presented  by  Dr.  C.  J.  Jackson. 

35  Specimens  of  Minerals  and  Rocks  from  Van  Diemen's  Land  (part 
of  the  Tasmanian  Contribution  to  the  Exhibition  of  the  Industry 
of  all  Nations)  ;  presented  by  the  Royal  Society  of  Van  Diemen's 
Land. 

A  suite  of  Australian  Fossils  from  Adelaide;  presented  by  John 
Davis,  Esq. 

3  Specimens  of  Bituminous  Coal  and  Shale  from  Hilsboro',  New 

Brunswick ;  presented  bv  Nathaniel  Gould,  Esq. 
A  series  of  Clays  from  a  t^ell-sinking  at  George  Town,  Demerara ; 
presented  by  Lieut. -Col.  Hope,  R.E. 


A  suite  of  Fossils  from  New  Zealand ;  presented  by  W.  J.  Hamilton, 
Esq.,  Sec.  G.S. 

A  suite  of  Minerals  and  Fossils  from  the  Azores ;  presented  by  W. 
G.  Terry,  Esq.,  F.G.S. 


The  Charts,  &c,  published  by  the  Admiralty  during  the  year  1850 ; 

S resented  by  Rear-Admiral  Sir  Francis  Beaufort,  Hon.  M.G.S., 
y  direction  of  the  Lords  Commissioners  of  the  Admiralty. 
Maps,  Nos.  17,  18,  55  (wanting  N.E.),  56,  60,  61  (wanting  S.E.), 
74,  75,  76,  79,  and  Section  No.  18  of  the  Geological  Survey  of 
Great  Britain;  presented  by  Sir  H.  T.  De  la  Beche,  F.G.S., 


Foreign  Specimens, 


Charts  and  Maps. 
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Director-General  of  the  Survey  (on  the  part  of  Her  Majesty's 

Government). 

24  Charts  and  Plans,  published  by  the  Depot  de  la  Marine,  in  1860 ; 

£ resented  by  M.  le  Directeur-General  dn  Depot  de  la  Marine, 
ular  View  of  the  Order  of  Deposition  of  the  Principal  European 
Groups  of  Stratified  Rocks,  by  Capt.  R.  Smith ;  presented  by  Mr. 
S.  B.  Oldham,  the  Publisher. 
Topographical  Map  of  London  and  its  Environs,  by  B.  W.  Mylne ; 

presented  by  the  Author. 
Trade  Wind  Chart  of  the  Atlantic  Ocean,  by  Lieut.  M.  F.  Maury, 

U.S.N. ;  presented  by  the  Author. 
General  Map  of  Florida,  1846;  Map  of  Mineral  Lands  of  Lake 
Superior ;  Hydrographical  Basin  of  the  Upper  Mississippi  River, 
by  J.  N.  Nicollet;  presented  by  the  Smithsonian  Institution, 
Washington. 

Skeleton  Chart  of  the  World ;  presented  bv  Mr.  J.  W.  Lowry. 
Swiss  Geological  Maps  and  Sections  of  the  Cantons  of  Zurich  and 

Glarus ;  presented  by  Sir  R.  I.  Murchison,  F.G.S. 
Monthly  Isothermal  lines  of  the  Globe,  by  Prof.  H.  W.  Dove,  with 

Remarks ;  presented  by  William  Hopkins,  Esq.,  Pres.  G.S. 


Engraving  of  Sir  R.  I.  Murchison,  by  Mr.  Walker,  in  Frame ;  pre- 
sented by  Sir  R.  I.  Murchison,  F.G.S. 

Lithographic  Portrait  of  Leopold  von  Buch ;  presented  by  the 
Geological  Society  of  Berlin. 

Isometric  Plan  of  the  Chemical  Laboratory,  Queen's  College,  Cork ; 
presented  by  C.  B.  Lane,  Esq.,  F.G.S. 

Coloured  Lithograph  of  Minerals,  in  glased  Frame ;  presented  by 
Prof.  Tennant,  F.G.S. 


The  following  List  contains  the  Names  of  the  Persons  and  Public 
Bodies  from  whom  Donations  to  the  Library  and  Museum  were 
received  during  the  past  year. 


Abich,  M.  H. 

Academy  of  Natural  Sciences  of 
Philadelphia. 

Academy  of  Sciences  of  Bologna. 

Academy  of  Sciences  of  Breslau. 

Academy  of  Sciences  of  Dijon. 

Academy  of  Sciences  of  Paris. 

Admiralty,  The  Right  Hon.  the 
Lords  Commissioners  of  the. 

Albixri,  M.  O.  D. 

American  Association  for  the  Ad- 
vancement of  Science. 


I  American  Philosophical  Society. 
Anderson,  J.  D.,  Esq. 
Architect  and  Building  Gazette, 

Editor  of. 
Athenaeum,  Editor  of. 

Beardmore,  N.,  Esq.,  F.G.S. 
Beckles,  S.  H.,  Esq. 
Beke,  Dr.  C.  T. 
Beiwickahire  Naturalists*  Club. 
Binfield,  W.  R.,  Eaq. 
,  Binney,  E.  W.,  Esq. 
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Bland,  T.,  Esq.,  F.G.S. 
Bombay  Branch  Royal  Asiatic 
Society. 

Boston  Society  ofNatural History. 
Breton,Lieut.W.H.,R.N.,F.G.S. 
British  Association  for  the  Ad- 
vancement of  Science. 
British  Natural  History  Society. 
Brodie,  Rev.  P.  B.,  F.G.S. 
Bronn,  Dr.  H.  G.,  For.  M.G.S. 
Buckman,  Prof.,  F.G.S. 

Calcutta  Library. 
Carpenter,  W.  B.,  M.D.,  F.G.S. 
Carter,  H.  J.,  Esq. 
Catullo,  Prof.  A.  T. 
Charlesworth,  E.,  Esq.,  F.G.S. 
Chemical  Society  of  London. 
Condamine,  Rev.  H.  M.  de  la. 
Curdie,  Dr.  D. 

D'Archiac,  M.  Le  Vicomte,  For. 

M.G.S. 
Darwin,  C,  Esq.,  F.G.S. 
Daubeny,  Prof.,  M.D.,  F.G.S. 
Daubree,  M.  A. 
Davidson,  Thomas,  Esq. 
Davis,  John,  Esq. 
De  la  Beche,  Sir  H.  T.,  F.G.S. 
Delcros,  M.  le  Commandant. 
Delesse,  M.  Achille. 
Depot  General  de  la  Marine  de 

France. 

D'Orbigny,  M.  Alcide,  For.  M. 
G.S. 

East  India  Company,  The  Hon. 
jfecole  des  Mines  de  Paris. 
Egerton,  Sir  Philip  G.,  Bart., 

M.P.,  F.G.S. 
English,  H.,  Esq. 
Enniskillen,  Earl  of,  F.G.S. 
Erdmann,  M.  A. 
Erman,  M.  A. 
Ezquerra  del  Bayo,  Don. 

Faraday,  M.,Esq.,D.C.L.,F.G.S. 
Fischer  de  Waldheim,  Dr.  G., 

For.  M.G.S. 
Fitton,  Dr.  W.  H.,  F.G.S. 
F  etcher,  T.  W.,  Esq.,  F.G.S. 


Forchhammer,  Prof.,For.  M.G.S. 

Geological  Society  of  Berlin. 
Geological  Society  of  Dublin. 
Geological  Society  of  France. 
Glasgow  Philosophical  Society. 
Gould,  N.,  Esq. 
Gunn,  Rev.  I. 

Hamilton,  W.  J.,  Esq.,  Sec.  G.S. 
Hardy,  Lieut.,  R.N. 
Hausmann,  Prof.  J.  F.  L.,  For. 

M.G.S. 
Hennessy,  H.,  Esq. 
Hopkins,  Evan,  Esq.,  F.G.S. 
Hopkins,  Wm.,  Esq.,  Pres.  G.S. 
Hope,  Lieut.-Col.,  R.E. 
Horticultural  Society. 

Imperial  Academy  of  Sciences  of 

St.  Petersburg. 
Imperial  Academy  of  Sciences  of 

Vienna. 

Indian  Archipelago  Journal,  Edi- 
tor of. 

Italian  Society  of  Science  of  Mo- 
dena. 

Jackson,  Dr.  C.  T. 
Jager,  Dr.  Georg. 
Jerwood,  James,  Esq.,  F.G.S. 
Johnston,  A.  K.,  Esq.,  F.G.S. 
Jones,  Capt.  T.,  R.N.,  M.P., 
F.G.S. 

Koch,  Dr.  Albert. 
Koch,  M.  A.  C. 
Kokscharow,  M.  N. 
Koninck,  Dr.  L.  de. 

Lane,  C.  B.,  Esq.,  F.G.S. 
Lea,  I.,  Esq. 

Leeds  Philosophical  and  Literary 
Society. 

Leymerie,  M.  A. 

Linnean  Society. 

Literary  Gazette,  Publishers  of. 

Literary  and  Philosophical  So- 
ciety of  Manchester. 

Liverpool  Literary  and  Philoso- 
phical Society. 
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Lloyd,  Col.,  F.G.S. 
Logan,  W.  E.,  Esq.,  F.G.S. 
Lowiy,  Mr.  J.  W. 
Lyceum  of  Natural  History,  New 
York. 

Lyell,  Sir  Charles,  F.G.S. 

Mackinnon,  W.  A.,  Esq.,  M.P. 
Majendie,  A.,  Esq.,  F.G.S. 
Mantell,  G.  A.,  LL.D.,  F.G.S. 
Martin,  P.  J.,  Esq.,  F.G.S. 
Martins,  C.  M.  D. 
Maury,  Lieut.  M.  F. 
Meneghini,  Prof. 
Microscopical  Society. 
Murchison,  Sir  R.  I.,  F.G.S. 
Museum  d'Histoire  Naturelle  de 
Paris. 

Museum  of  Practical  Geology. 
Mylne,  R.  W.,  Esq.,  F.G.S. 

Natural  History  Society  of  Basle. 
New  College. 

Oldham,  S.  B.,  Esq. 

Palssontographical  Society. 
Perrey,  Prof;  A. 
Pittard,  S.  R.,  Esq. 
Prestwich,  J.,  jun.,  Esq.,  F.G.S. 
Prevost,  Prof.  Constant,  For.  M. 
G.S. 

Ray  Society. 
Reeve,  Lovell,  Esq. 
Riviero,  M.  E.  de. 
Rowlandson,  T.,  Esq.,  F.G.S. 
Royal  Academy  of  Berlin. 
Royal  Academy  of  Sciences  of 

Madrid. 
Royal  Academy  of  Munich. 
Royal  Academy  of  Stockholm. 
Royal  Academy  of  Turin. 
Roval  Agricultural  Society  of 

England. 
Royal  Asiatic  Society. 
Royal  Astronomical  Society. 
Royal  College  of  Surgeons. 
Royal  Geographical  Society. 
Royal  Geological  Society  of  Corn- 
Royal  Institution.  [wall. 


Royal  Institution  of  Cornwall. 

Royal  Irish  Academy. 

Royal  Society. 

Royal  Society  of  Edinburgh. 

Royal  Society  of  Van  Diemen's 

Rush,  G.,  Esq.  [Land. 

Ryckholt,  M.  le  Baron  P.  de. 

Sabine,  Lieut.-Colond,  F.G.S. 
Savi,  Prof. 

Scarborough  Philosophical  Soc. 
Schaffer,  Dr.  T.  K. 
Schafhautl,  Dr. 
Scharenberg,  Dr.  W. 
Sedgwick,  Rev.  Prof.,  F.G.8. 
SilUman,  Prof.M.  D.,  For.M.  G.S. 
Simpkinson,  Rev.  John. 
Smithsonian  Institution. 
Socie'te'  d*  Agriculture,  Science, 

Arts  et  Commerce,  du  Put. 
Socie^e*  Imperiale  des  Naturahstes 

de  Moscou. 
Socie'te'  Linneenne  de  Bordeaux. 
Socie'te'  de  Physique  et  d'Histom 

Naturelle  de  Geneve. 
Sorby,  H.  C,  Esq.,  F.G.S. 
Spence,  W.,  Esq. 
Spencer,  J.  F.,  Esq. 
Spurr,  J.  de  W.,  Esq. 
Studer,  Prof.  B.,  For.  M.  G.8. 

Tate,  G.,  Esq.,  F.G.S. 
Taylor,  R.,  Esq.,  F.G.8. 
Tennant,  Prof.,  F.G.S. 
Terry,  W.  G.,  Esq.,  F.G.S. 
Turner,  H.  N.,  jun.,  Esq. 

Vaudoise  Socie'te'  des  Sciences 

Naturelles. 
Von  Buch,  Baron  Leopold,  For. 

M.G.S. 

Wetherell,  N.  T.,  Esq.,  F.G.S. 
White,  W.,  Esq. 
Williamson,  Prof.  W.  C. 
Wisbaden  Natural  Hist.  Society. 
Woolven,  H.,  Esq. 
Wyld,  Jamec,  Esq.,  M.P. 

Yorkshire,  Geological  and  Pblv- 
technic  Soc.  of  West  Riding  of. 
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List  of  Papers  read  since  the  last  Anniversary  Meeting, 
February  21**,  1851. 

1851. 

Feb.  26th.— On  the  Silurian  Rocks  of  Scotland,  by  Sir  R.  I.  Mur- 
chison, F.G.S.    Part  2. 

March  12th.— On  the  Fossil  Plants  of  Scarborough,  by  C.  J.  F. 
Bunbury,  Esq.,  For.  Sec.  G.S. 

■  Additional  Remarks  on  the  Structure  of  the  Calamite, 

by  J.  S.  Dawes,  Esq.,  F.G.S. 

 On  Upright  Calamites  occurring  near  Pictou,  by  J. 

Dawson,  Esq. ;  communicated  by  Sir  Charles  Lyell,  F.G.S. 

March  26th. — On  the  Boulder  Clay  of  Caithness,  by  J.  Cleghorn, 
Esq. ;  communicated  by  Sir  Charles  Lyell,  F.G.S. 

 On  the  Erratic  Tertiaries  of  Cheshire,  and  on  the 

Scratched  Boulders  of  the  Till,  by  Joshua  Trimmer,  Esq.,  F.G.S. 

 On  the  Sequence  of  Events  during  the  Glacial  or 

Pleistocene  Period,  as  evinced  by  the  Superficial  Accumulations  of 
North  Wales,  by  Prof.  A.  C.  Ramsay,  F.G.S. 

April  9th. — On  the  Basement  Beds  of  the  Inferior  Oolite  in  Glouces- 
tershire, by  the  Rev.  P.  B.  Brodie,  F.G.S. 

 On  the  Physical  Geography  of  North  America,  as 

connected  with  its  geological  structure,  by  Sir  J.  Richardson,  M.D. ; 
communicated  by  Sir  Charles  Lyell,  F.G.S. 

 On  the  Erratics  of  Canada,  by  J.  J.  Bigsby,  M.D., 

F.G.S. 

April  30th. — Notice  of  the  Occurrence  of  an  Earthquake  at  Cartha- 
gena.  (Forwarded  from  the  Foreign  Office,  by  order  of  Viscount 
.  ralmerston.) 

 .  On  Fossil  Rain  Prints  in  the  Recent,  Triassic,  and 

Carboniferous  Periods,  by  Sir  Charles  Lyell,  F.G.S. 
 On  the  occurrence  of  a  Track  and  Footprints  of  an 

animal  in  the  Potsdam  Sandstone  of  Lower  Canada,  by  W.  E. 

Logan,  Esq.,  F.G.S. 
 On  the  Footprints  in  the  Potsdam  Sandstone  of  Lower 

Canada,  by  Prof.  Owen,  F.G.S. 
May  14th.— On  the  Angular  Flint  Drift  of  the  South-East  of  England, 

and  on  its  Distribution  within  and  without  the  Wealden,  by  Sir 

R.  I.  Murchison,  F.G.S. 
 On  a  Deposit  containing  Osseous  Remains  of  Mam- 
malia at  Folkestone,  by  Samuel  J.  Mackie,  Esq. ;  communicated 

by  Sir  R.  I.  Murchison,  F.G.S. 
May  28th.— On  the  Geological  Structure  of  the  Tagros  Range  of 

Western  Persia,  by  W.  K.  Loftus,  Esq.,  F.G.S! 
 ■  On  the  Remains  of  Fish  in  the  Silurian  Rocks  of 

Great  Britain,  by  J.  W.  Salter,  Esq.,  F.G.S. 
 On  the  Elevatory  Forces  that  raised  the  Malvern  Hills, 

by  H.  E.  Strickland,  Esq.,  F.G.S. 
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June  11th. — Section  and  Analysis  of  the  Permian  Strata  at  Astley, 

Lancashire,  by  G.  W.  Ormerod,  Esq.,  F.G.S. 
 On  a  Fossil  Fish  from  the  Deccan,  India,  by  Lieut,  - 

Col.  W.  H.  Svkes,  F.G.S. 
 On  the  Physical  Evidence  of  an  Arctic  Climate  during 

the  Formation  of  the  Erratic  Tertiaries  of  Great  Britain,  by  Joshoa 

Trimmer,  Esq.,  F.G.S. 
June  25th. — On  the  Geology  of  the  Straits  of  Singapore,  by  J.  R. 

Logan,  Esq.,  F.G.S. 
 On  the  Boulder  Clay  at  Linksfield  Quarry,  Elgin,  by 

Capt.  L.  Brickenden,  F.G.S. 
 On  the  Drift  at  Sangatte  Cliff,  near  Calais,  by  Joseph 

Prestwich,  Esq.,  F.G.S. 
 On  the  Gravel  of  the  Guildford  Valley,  by  R.  A.  C. 

Austen,  Esq.,  F.G.S. 
 On  the  Geology  of  the  Himalaya  and  Tibet,  by  Capt. 

R.  Strachey,  F.G.S. 
Nov.  5th. — Notice  of  the  Occurrence  of  an  Earthquake  at  ChOL 

(Forwarded  from  the  Foreign  Office,  by  order  of  Viscount  Palmer- 

ston.) 

 On  the  Devonian  and  Cambrian  Rocks  of  Cornwall 

and  Devon,  by  the  Rev.  Professor  Sedgwick,  F.G.S. 

Nov.  19th.— On  the  Granitic  Blocks  of  the  South  Highlands  of 
Scotland,  by  William  Hopkins,  Esq.,  Pres.  G.S. 

Dec.  3rd. — On  a  curious  Fossil  Fern  from  the  Coal  at  Cape  Breton, 
by  C.  J.  F.  Bunbury,  Esq.,  For.  Sec.  G.S. 

 On  the  Cambrian  and  Silurian  Rocks  which  appear 

at  the  base  of  the  Carboniferous  chain  of  Yorkshire,  near  the  Craven 
Fault,  by  the  Rev.  Professor  Sedgwick,  F.G.S. 

Dec.  17th. — Note  on  the  Quader-formation  of  Germany,  by  Prof. 
Geinitz ;  communicated  by  Sir  Charles  Lyell,  F.G.S. 

 On  the  Causes  of  the  Changes  of  Climate  at  different 

Geological  Epochs,  by  William  Hopkins,  Esq.,  Pres.  G.S. 

 Notice  of  the  Discovery  of  Reptilian  Foot-tracks  and 

Remains  in  the  Old  Red  Sandstone  of  Moray,  by  Capt.  L.  Brick- 
enden, F.G.S. 

 Description  of  the  TeUrpeton  Elginensey  and  Obser- 
vations on  supposed  Fossil  Ova  of  Batrachians  in  the  Lower  Devo- 
nian Strata  of  Forfarshire,  by  G.  A.  Mantell,  Esq.,  LL.D.,  F.G.S. 

1852. 

Jan.  7th. — Notice  of  the  Discovery  of  Boulders  and  Foasil  Bones  in 
clefts  of  the  rock  in  Portland  Island,  by  Mr.  A.  Neale ;  communi- 
cated by  J.  C.  Moore,  Esq.,  Sec.  G.S. 

 On  the  Subescarpments  of  the  Ridgeway  Range,  and 

their  contemporaneous  deposits  in  the  Isle  of  tartland,  by  C.  H. 
Weston,  Esq.,  F.G.S. 

Jan.  21st.— On  the  QuarU-rock  of  Scotland,  by  Daniel  Sharpe,  Esq., 
V.P.G.S. 
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1852. 


Feb.  4th. — On  the  Southern  Border  of  the  Highlands,  by  Daniel 
Sharpe,  Esq.,  V.P.G.S. 

— — —  On  the  Discovery  of  Gold  Alluvia  in  Australia,  by 
the  Rev.  W.  B.  Clarke,  F.G.8. 

 On  the  Anticipation  of  the  Discovery  of  Gold  in  Au- 
stralia, by  Sir  R.  I.  Murchison,  F.G.S. 


After  the  Reports  had  been  read,  it  was  resolved, — 
That  they  be  received  and  entered  on  the  Minutes  of  the  Meeting ; 
and  that  such  parts  of  them  as  the  Council  shall  think  fit  be  printed 


It  was  afterwards  resolved, — 

1 .  That  the  thanks  of  the  Society  be  given  to  Professor  £.  Forbes, 
and  Daniel  Sharpe,  Esq.,  retiring  from  the  office  of  Vice-President. 

2.  That  the  thanks  of  the  Society  be  given  to  His  Grace  the  Duke 
of  Argyll,  Sir  H.  T.  Dela  Beche,  Sir  P.  G.  Egerton,  Bart.,  M.P.,  the 
Earl  of  Enniskillen,  and  Capt.  Henry  James,  retiring  from  the  Council. 

After  the  Balloting  Glasses  had  been  duly  closed,  and  the  lists 
examined  by  the  Scrutineers,  the  following  gentlemen  were  declared 
to  have  been  duly  elected  the  Officers  and  Council  for  the  ensuing 
year: — 


OFFICERS. 


PRESIDENT. 
William  Hopkins,  Esq.,  M.A.,  F.R.S. 

VICE-PRESIDENTS. 

R.  A.  C.  Austen,  Esq.,  B.A.,  F.R.S. 
G.  B.  Greenough,  Esq.,  F.R.S.  and  L.S. 
Sir  Charles  Lyell,  F.R.S.  and  L.S. 
Searles  V.  Wood,  Esq. 

SECRETARIES. 

William  John  Hamilton,  Esq. 
John  Carrick  Moore,  Esq.,  M.A. 

FOREIGN  SECRETARY. 
C.  J.  F.  Bunbury,  Esq.,  F.L.S. 

TREASURER. 
John  Lewis  Prevost,  Esq. 
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COUNCIL. 


Prof.  D.  T.  Ansted,M.A.,F.R.S. 
R.  A.  C.  Austen,  Esq.,  B.A., 

F.R.S. 
John  J.  Bigsby,  M.D. 
JamesS.  Bowerbank,  Esq.,  F.R.S. 

and  L.S. 
C.  J.  F.  Bunbury,  Esq.,  F.L.S. 
Prof.  E.  Forbes,  F.R.S.  and  L.S.  | 
Prof.T.  Graham,  F.R.S.  L.andE. 
G.  B.  Greenough,  Esq.,  F.R.S. 

and  L.S. 
William  John  Hamilton,  Esq. 
J.  D.  Hooker,  M.D.,  F.R.S.  and 

L.S. 

William  Hopkins,  Esq.,  M.A., 
F.R.S. 


Leonard  Horner,  Esq.,  F.R.S.  L. 
and  E. 

Sir  Charles  Lyeil,  F.R.S.andL.8. 
G.  A.  Mantell,  LL.D.t  F.R.S. 

and  L.S. 
John  C.  Moore,  Esq.,  M.A. 
Sir  R.  I.  Murchison,  G.C.St.S^ 

F.R.S.  and  L.S. 
Lieut.-Col.  Portlock,  R.E.,F.R.S. 
Samuel  Peace  Pratt,  Esq.,  F.R.S. 

and  L.S. 
John  Lewis  Prevost,  Esq. 
Prof.  A.  C.  Ramsay. 
D.  Sharpe,  Esq.,  F.R.S.  and  L.S. 
W.  W.  Smyth,  Esq.,  M.A. 
S.  V.  Wood,  Esq. 
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Income  and  Expenditure  during  the 


INCOME. 

Outstanding,  1850:  £  *• 

Quarterly  Journal,  VoL  VI.  (Messrs.  Longman  &  Co.) 

paid  June  14th   49   4  5 

£    9.  d. 

Balance  at  Banker's,  January  1,  1851          430    3  1 

Balance  in  Clerk's  hands   21  13  9 

  451  16  10 

Compositions  received    94  10  0 

Compositions  received  in  December  after  1     53   o  0 
Consols  shut  J 

  157  10  O 

Arrears  of  Admission  Fees    6    6  0 

Arrears  of  Annual  Contributions   22    1  0 

  28    7  0 

Admission  Fees  of  1&51    102  18  0 

Annual  Contributions  of  1851    646  16  O 

Dividends  on  3  per  cent.  Consols   109    0  8 

Sale  of  Transactions   112    9  9 

Sale  of  Transactions  in  separate  Memoirs    3  13  11 

Sale  of  Proceedings    6  10  6 

Journal,  Vol.  I.,  allowance  on  sale  from  the  Publisher. .      0  15  0 

Sale  of  Journal,  Vol.  II   7    8  0 

Sale  of  Journal,  Vol.  Ill   8  13  6 

Sale  of  Journal,  Vol.  IV   13    6  6 

Sale  of  Journal,  Vol.  V   15    5  6 

Sale  of  Journal,  Vol.  VI   52    2  0 

Sale  of  Journal,  Vol.  VII   151  15  5 

Sale  of  Library  Catalogue   1    0  0 


We  have  compared  the  Books  and 
Vouchers  presented  to  us  with  these 
Statements,  and  find  them  correct. 

DANIEL  SHARPS,  1  A  ...  \  

Jan.  28,  1852.      JAMES  TENNANT,  J  A ~Wort  £1913  13  0 

Due  from  Messrs.  Longman  and  Co.,  on 

Journal,  Vol.  VII  £$6  11  1 
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Year  ending  December  31*/,  1851. 

Outstanding,  1850:        EXPENDITURE.  £  * 

Quarterly  Journal,  Vol.  VI.  (Mr.  R.  Taylor)    58    4  3 

Compositions  invested   94  10  0 

General  Expenditure  :  £  #.  rf. 

Taxes   28  15  5 

Fire  Insurance    3   0  0 

House  Repairs    7   6  8 

Furniture  Repairs    17  18  4 

New  Furniture    15  15  3 

Fuel   30  19  0 

Light    31  18  6 

Miscellaneous  House  Expenses,  including  \46   g  g 

Postages  J 

Stationery    24   4  4 

Miscellaneous  Printing   17  19  0 

Tea  for  Meetings    21   3  2 

Salaries  and  Wages :    245    8  4 

Assistant  Secretary  and  Curator    200   0  0 

Clerk    115   0  0 

Porter   80  0  0 

House  Maid    33  4  0 

Occasional  Attendants    10   0  0 

Collector   20  12  3 

  458  16  3 

Library    57    6  2 

Museum   3    9  1 

Diagrams  at  Meetings   16    8  6 

Miscellaneous  Scientific  Expenses    7  12  6 

Admission  Fee,  repaid  in  part   4    4  0 

Contributions  of  1851  repaid    6    6  0 

Publications : 

Transactions    1    0  0 

Transactions,  separate  Memoirs    2   3  8 

Journal,  Vol.  I.,  Copies  for  presentation, &c...     3  18  0 

Journal,  Vol.  II   0   5  0 

Journal,  Vol.  Ill   1  19  3 

Journal,  Vol.  IV   2   6  2 

Journal,  Vol.  V   0  16  0 

Journal,  Vol.  VI   3  18  3 

Journal,  Vol.  VII   401  11  5 

Journal,  VoL  VIII   6  0  0 

Proceedings    2  8  0 

  426    5  9 

1378  10  10 

Balance  at  Banker's,  Compositions  received  in  De-1     53   q  q 

cember  after  Consols  shut,  to  be  invested   /  

1441  10  10 

Balance  at  Banker's,  Dec.  31,  1851 ....  475  17  4 

Balance  in  Clerk's  hands   1    4  10 

  477    2  2 

£1918  13  0 

Due  to  Mr.  R.  Taylor,  on  Journal,  Vol.  VII.  37  16   0  ~— 
Due  to  G.  Laing,  for  House  Repairs  ....  15    8  6 

£53    4  6 
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PROCEEDINGS 

AT  THE 

ANNUAL  GENERAL  MEETING, 

20th  FEBRUARY,  1852. 


Award  of  the  Wollaston  Medal  and  Donation  Fund. 


After  the  Reports  of  the  Council  had  been  read,  the  President, 
Hopkins,  Esq.,  delivered  the  Wollaston  Palladium  Medal  to  Dr. 
W.  H.  Fitton,  F.R.S.,  F.G.S.,  addressing  him  as  follows 

Dr.  Fitton, — It  is  with  great  pleasure  that  I  now  proceed  to 
perform  the  duty  which  devolves  upon  me  of  presenting  to  you  the 
Wollaston  Medal,  which  the  Council  of  the  Society  has  awarded  to 
you.  It  would  be  in  vain  on  an  occasion  like  the  present  to  attempt 
the  enumeration  of  all  the  publications  by  which  you  have  aided  the 
advance  of  our  science.  During  the  period  of  more  than  forty  years, 
you  have  contributed  to  that  end,  not  only  by  your  original  papers* 
but  also  by  sketches  of  the  history  of  the  science,  and  by  reviews  of 
the  geological  labours  of  others,  always  written  in  a  style  which  ren- 
dered them  attractive,  and  with  a  perspicuity  which  rendered  them 
instructive,  to  the  general  reader.  The  Council,  however,  could  not 
fail  to  recognize  especially,  in  the  award  of  this  Medal,  the  merit  of 
thoBe  papers  in  which  you  so  clearly  explained  the  nature  of  the  dif- 
ferent beds  between  the  Chalk  and  the  Oolites,  and  their  relations  to 
each  other — relations  which  had  been  previously  so  imperfectly  un* 
derstood.  The  Upper  Green  Sand  was  sometimes  confounded  with 
the  Lower  Green  Sand,  the  Gault  with  the  Weald  Clay,  and  the  Per* 
ruginous  Sands  of  the  Lower  Green  Sand  with  those  of  the  Hastings 
Sands ;  'and  the  distinctions  between  the  Lower  Green  Sand,  the 
Wealden  Clay,  and  the  Hastings  Sands  were  imperfectly  compre* 
hended.  In  your  communication  to  the  '  Annals  of  Philosophy '  in 
1824,  entitled:  "Enquiries  respecting  the  Geological  Relations  of  the 
Beds  between  the  Chalk  and  the  Purbeck  Limestone  in  the  South  of 
England,"  you  rectified  much  of  this  confusion ;  and  in  your  excellent 
and  elaborate  memoir,  entitled  "  Observations  on  some  of  the  Strata 
between  the  Chalk  and  the  Oxford  Oolite  in  the  South  of  England," 
you  completely  established  those  general  characters  of  the  beds  in 
question,  and  the  relations  between  them,  which  are  now  universally 
recognized.  I  cannot  forego  the  pleasure  of  bearing  personal  testi* 
mony  to  the  accuracy  of  the  details  of  this  memoir,  having  availed 
myself  of  it  as  a  constant  guide  in  my  own  researches  throughout  the 
same  district.  I  must  here  also  make  especial  mention  of  your 
'  8tratigraphical  Account  of  the  section  from  Atherfield  to  Rocken 
End/  on  the  south-west  coast  of  the  Isle  of  Wight,  read  before  this 

b2 
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Society  in  1845.  Nature  presents  to  us,  along  the  southern  coast  of 
that  island,  one  of  the  most  perfect  sections  we  possess  for  the  study 
of  those  two  great  operations  of  deposition  and  upheaval  by  which  so 
many  parts  of  the  earth's  surface  have  been  affected.  You  hare 
availed  yourself  of  the  facilities  which  this  natural  section  affords  to 
describe  it  in  accurate  detail  between  the  points  above-mentioned ; 
and  you  have  also  given  us  the  most  complete  list  we  possess  of  the 
Lower  Green  Sand  fossils  of  that  locality,  with  a  tabular  arrangement 
of  them  which  presents  at  once  the  clearest  view  of  their  stratigram 
phical  distribution.  By  means  of  this  beautiful  section,  combined 
with  some  of  your  previous  observations,  you  have  been  enabled 
clearly  to  point  out  to  us  the  true  relations  and  the  close  resemblance 
between  tne  lower  beds  of  the  Lower  Green  Sand  and  the  Terraim 
niocomien  of  continental  geologists,  and  to  correct  the  error  into  which 
some  of  them  had  fallen  in  supposing  the  latter  beds  the  equivalent 
of  the  Wealden  beds  of  our  own  country. 

In  conclusion  let  me  congratulate  you  on  this  recognition  of  your 
geological  labours  by  those  with  whom  you  have  been  so  long  asso- 
ciated. I  can  scarcely  help  regarding  this  award  as  the  realixatioa 
of  a  hope  which  we  may  so  easily  conceive  to  have  sometimes  arisen 
in  the  mind  of  the  illustrious  founder  of  the  Medal,  that  it  might  be- 
come, as  it  is  become  this  day,  the  means  of  conferring  well-merited 
honour  on  one  of  his  old  associates,  to  whose  zeal  and  earnestness  in 
the  prosecution  of  geological  research  he  must  himself  have  been  able 
to  bear  such  ample  testimony. 

Dr.  Fitton  replied, — 

Sir, — It  is  surely  unnecessary  to  say,  that  I  have  the  highest  gra- 
tification in  receiving  this  honour  at  your  hands.  To  obtain  any 
testimony  of  approbation  from  a  body  of  men,  amongst  whom  some 
of  the  happiest  years  of  my  life  have  been  passed,  would,  under  any 
circumstances,  have  been  most  grateful :  but  when  I  look  at  the 
list  of  persons  who  have  already  received  this  Medal,  I  regard  it  as 
a  great  honour  that  my  name  should  be  added  to  the  number ;  and 
only  regret  that  the  result  of  my  labours  has  not  been  more  valuable 
and  important ;  knowing  well  that  my  performance  fell  far  short  of 
what  I  myself  hoped  and  intended. 

Some  of  the  principal  subjects  of  my  Papers  have  been  very  often 
considered  in  this  room ;  and  you  have  so  well  stated — if  not  with  too 
much  kindness — the  grounds  upon  which  the  Council  have  thought 
me  deserving  of  reward,  that  I  could  have  little  to  add,  even  if  the 
present  were  a  proper  occasion  for  geological  discussion.  But  allow 
me  to  say,  that,  from  personal  considerations,  this  Medal  has  for  me 
peculiar  value.  Dr.  WoUaston  had  been,  for  many  years  before  his 
death,  one  of  the  kindest  friends  whom  I  have  ever  known.  I  could 
mention,  indeed,  but  one  other  person  (and  he,  fortunately,  still  re- 
mains), whose  unvaried  friendship,  during  a  large  and  critical  portion 
of  my  life,  was  of  such  essential  service  to  me ;  whilst  their  conversa- 
tion was  an  unfailing  source  of  instruction  and  delight.  Of  such 
friendships  one  may  be  justly  proud.   At  the  close  ofl 828,  as  Pre* 
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Bident  of  this  Society,  I  had  the  honour  of  communicating  to  the 
Council  the  Donation,  under  which  the  Medal  now  hearing  Dr. 
Wollaston' s  name  was  instituted : — and,  not  many  days  afterwards, 
it  hecame  my  duty  to  notify  his  death  from  the  Chair.  The 
Medal  is  stamped  with  his  portrait ;  and  you  can  judge  how  highly 
it  will  he  prized,  hoth  hy  my  family  and  myself. 

The  President  then  addressed  Mr.  Morris  as  follows : — 
Mr.  Morris, — I  have  now  the  pleasure  of  presenting  to  you  the 
balance  of  the  proceeds  of  the  Wollaston  Fund,  which  the  Council 
have  awarded  to  you  this  year  in  consideration  of  the  forthcoming  new 
edition  of  your  'Catalogue  of  British  Fossils.'  The  accumulation 
of  new  species  has  of  late  years  been  so  rapid  that  such  a  work  can 
only  be  rendered  adequate  to  meet  the  constantly  increasing  demands 
of  geologists  by  new  editions,  requiring  renewed  research  and  continued 
labour  on  the  part  of  the  author.  You  have  not  shrunk  from  the 
task  of  bringing  your  work  up  to  the  standard  required,  though,  we 
fear,  with  little  prospect  of  pecuniary  recompense  adequate  to  your 
labours.  The  Council,  therefore,  have  much  satisfaction  in  offering 
you  such  aid  as  the  Wollaston  Fund  places  at  their  disposal,  and  hope 
that  you  will  regard  this  award  as  an  indication  of  their  high  estima- 
tion of  your  work. 

Mr.  Morris  briefly  replied. 


After  the  other  proceedings  had  been  completed,  and  the  Officers 
and  Council  had  been  elected,  the  President  proceeded  to  address  the 
Meeting. 

ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT, 

WILLIAM  HOPKINS,  Esq. 

Gentlemen, — Before  I  proceed  to  discuss  the  scientific  subjects  on 
which  I  may  have  on  this  occasion  to  address  you,  it  becomes  my 
duty,  according  to  the  established  custom  of  our  Society,  to  lay  before 
you  some  brief  notices  of  those  most  distinguished  for  scientific  attain- 
ments, among  the  late  Fellows  of  the  Society,  whose  deaths  we  have 
had  to  regret  in  the  course  of  the  past  year. 

Dr.  Kidd,  late  Regius  Professor  of  Medicine  in  the  University  of 
Oxford,  was  formerly  a  King  Scholar  of  Westminster,  and  about  1798 
was  elected  a  Student  of  Christ  Church.  In  1803  he  was  elected,  by 
Convocation,  Aldrichian  Professor  of  Chemistry,  being  the  first  holder 
of  that  Professorship  immediately  after  its  being  founded  under  the 
will  of  Dr.  Aldrich.  In  this  branch  he  was  a  popular  and  instructive 
lecturer.  He  also  gave,  voluntarily,  courses  of  lectures  on  the  sciences 
of  Mineralogy  and  Geology,  the  latter  of  which,  especially,  was  then 


ptii  ?ROC£BDINGB  Of  THE  GIOLOGICAL  SOCIETY. 


first  rising  into  notice.  We  cannot  but  dwell  with  deep  interest  en 
these  early  recognitions  of  the  value  and  interest  of  our  science.  Nor 
is  the  debt  which  Geology  owes  to  Dr.  Kidd  to  be  estimated  merely 
by  these  voluntary  efforts  in  her  favour ;  for  he  made  the  importance 
of  such  lectures  so  apparent,  that  they  were  afterwards  established  by 
grants  from  the  Crown,  and  in  the  hands  of  Dr.  Buckland,  who  was 
appointed  to  them  in  1813,  became  so  justly  celebrated.  At  this 
period  Dr.  Kidd  contributed  to  the  progress  of  the  different  subjects 
on  which  he  lectured,  by  various  original  papers  and  elcmcntaiT 
treatises.  He  exhibited  also  the  influence  of  that  kindly  social  feel- 
ing which,  in  a  teacher  of  youth,  may  sometimes  become,  in  its  in- 
direct influence,  scarcely  of  less  importance  than  the  instruction  which 
he  may  directly  communicate.  He  made  a  point  of  inviting  to  his 
table,  and  introducing  to  each  other,  those  who  were  likely  to  became 
fellow-labourers  in  the  fields  of  science.  The  friend  to  whom  I  am 
chiefly  indebted  for  these  particulars  was  a  frequent  guest  of  Dr.  Kidd'i 
at  these  social  parties,  and  speaks  of  them  with  affectionate  remem* 
brance ;  and  we  cannot  ourselves  hear  of  them  without  a  feeling  of 
interest,  when  we  learn  that  it  was  on  such  occasions  that  the  names} 
of  Buckland  and  Conybeare  first  became  associated  both  in  private 
and  geological  intercourse.  Dr.  Kidd  also,  in  the  same  social  and 
liberal  spirit,  was  chiefly  instrumental  in  encouraging  visits  of  the 
leading  savants  from  London  and  elsewhere,  every  Whitsuntide,  to 
Oxford,  and  of  thus  promoting  their  intercourse  with  the  resident 
members  of  that  University. 

In  1822  Dr.  Kidd  became  Regius  Professor  of  Medicine.  In  this 
capacity  he  gave  remarkably  interesting  lectures,  especially  in  the 
department  of  comparative  anatomy.  He  was  particularly  happy 
also  in  applying  the  results  of  his  classical  studies  to  the  purposes  of 
modern  science,  and  was  the  first  to  call  attention  to  the  merits  of 
Aristotle*  s  zoological  arrangements,  and  to  point  out  their  close  agree- 
ment with  the  classification  of  Cuvier. 

/*  The  Rev.  William  Kirby  was  born  in  the  year  1759,  at  Wit- 
nesham  Hall,  in  the  county  of  Suffolk,  the  residence  of  his  father, 


Grammar  School  at  Ipswich,  and  afterwards  entered  the  University 
of  Cambridge,  at  Caius  College,  where  he  took  his  degree  of  B.A.  in 
1781.  The  year  following  the  Rev.  Nicholas  Bacon  nominated  him 
to  the  joint  curacies  of  Barb  am  and  Coddenham,  and  afterwards 
proved  the  high  estimation  in  which  he  held  him  by  bequeathing  to 
him  the  next  presentation  to  the  rectory  of  Barham,  to  which  he  was 
inducted  in  1 796.    He  resided  there  till  his  death. 

Mr.  Kirby  affords  a  striking  instance  of  the  manner  in  whkh  ihm 
strongest  aptitude  of  our  minds  may  remain  dormant  and  unknown 
even  to  ourselves,  till  awakened  by  some  accidental  and  perhaps  tri- 
fling circumstance.  IJU  first  attention  was  drawn  to  Entomology,  as 
be  has  himself  related,  by  his  observing  on  his  window  a  vellow  cow- 
lady,  his  admiration  of  which  led  him  to  collect  other  insecU,*an4 
finally  to  prosecute  the  study  of  that  branch  of  natural  history  till  b* 


He  received  his  education  at  Um 
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beeame,  as  you  well  know,  one  of  the  leading  entomologists  of  the 
4ayT  This  is  not  the  place  to  enumerate  his.  entomological  memoirs. 
He  wrote  a  great  number,  many  of  which  are  to  be  found  in  the 
I^innasan  Transactions  and  the  Zoological  Journal,  I  need  scarcely 
remind  you  that  the  f  Introduction  to  Entomology/  written  in  con- 
junction with  his  friend  Mr.  Spence,  and  his  Bndgewater  Treatise, 
'On  the  History,  Habits  and  Instincts  of  Animals,'  rendered  him. 
cue  of  the  most  popular  writers  of  the  time  on  such  subjects,  He 
*as  not  professedly  a  geologist,  but  always  took  a  great  interest  in 
tie  science,  and,  in  the  course  of  his  scientific  rambles,  made  a  point 
of  collecting  geological  specimens  of  interest.  He  thus  formed  a  large 
gedogical  collection,  and  took  great  pleasure  in  exhibiting  it  to  his 
meads. 

.  |ew  men  have  ever  gained  the  respect  and  affection  of  a  large  circle 
both  of  private  and  scientific  friends,  to  so  great  an  extent  as  Mr. 
Kirbv.  His,  life  was  spent  in  the  simple  and  earnest  search  of  know- 
jedgeamong  God's  works,  and  the  equally  simple  and  earnest  teaching 
of  Hs  word  to  those  among  whom  he  dwelt  as  their  pastor  for  the 
long  period  of  sixty-eight  years. 

/  Mt.  Richard  Cowling  Taylor,  the  third  son  of  Mr.  Samuel 
Taylp%  was  born  at  Banham,  in  the  county  of  Norfolk,  January  18, 
1789.  He  was  cousin  to  Mr.  Richard,  Mr.  John,  and  Mr.  Philip 
Taylor,  men  so  well  known  and  so  highly  respected  among  us.  He 
appears  to  have  prepared  himself  early  in  life  for  the  profession  of  a 
mining  engineer,  in  which  he  afterwards  rose  to  great  eminence  in 
America.  He  had  the  advantage  for  some  time  of  being  associated 
p  business  with  Mr.  William  Smith,  to  whom  the  early  geology  of 
tiis  country  was  so  much  indebted,  and  directed  his  attention  assidu* 
casly  to  economic  geology  as  a.  branch  of  his  profession.  The  first 
pork,  however,  by  which  he  became  known  to  the  public,  was  one 
m  the  monastic  remains  of  Norfolk,  the  '  Index  Monasticus  in  the 
aicient  kingdom  of  East  Anglia,'  which  was  followed  by  another 
iprk  on  antiquities,  the  'General  Index  to  Dugdale's  Monasticon 
inglicanum.'  He  was  afterwards  engaged  in  the  Ordnance  Survey 
&  this  country,  but,  about  the  year  1830,  he  was  induced  to  go  over 
$t  America,  where  he  remained  until  his  death,  in  the  practice  of  his 
profession,  in  which  his  extensive  knowledge,  good  judgement,  and 
©nourable  character  procured  for  him  well-merited  distinction. 

In  1823  Mr.  Taylor  published  a  paper  "On  the  Crag  Strata  of 
Jramerton,  near  Norwich ; "  and  in  the  same  year  another  "  On  the 
Alluvial  Strata,  and  on  the  Chalk  of  Norfolk  and  Suffolk,  and  on  the 
fossils  by  which  they  are  accompanied."  He  also  published  in  the 
transactions  of  our  Society  (1 830),  previously  to  his  leaving  England, 
apaper  entitled  "  Notice  of  two  Models  and  Sections  of  about  eleven 
sjuare  miles,  forming  a  part  of  the  Mineral  Basin  of  South  Wales  in 
tie  vicinity  of  Pontypool."  In  America  he  published,  in  the  Trans- 
itions of  various  Scientific  Societies,  a  number  of  Geological  Me- 
Roirs,  chiefly  on  subjects  associated  more  or  less  with  his  professional 
fppcations ;  but  his  most  important  work  was  the  *  Statistics  of  Coal*' 
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published  at  Philadelphia  in  1848.  It  contains  a  general  geography 
eal  and  geological  account  of  all  kinds  of  coal,  illustrated  by  maps 
and  sections,  together  with  statements  drawn  from  official  reports,  of 
the  production,  consumption,  and  commercial  distribution  of  ooal  in 
all  those  countries  in  which  it  is  chiefly  produced.  To  this  work 
Mr.  Taylor  devoted  latterly  a  large  portion  of  his  time.  It  contains 
an  immense  amount  of  valuable  and  carefully  arranged  statistic** 
knowledge  on  the  subject,  not  to  be  found  in  any  other  work. 

Mr.  Richard  Phillips,  Chemist  and  Curator  of  the  Museum  of 
Practical  Geology,  died  on  the  1 1th  of  May,  in  the  seventy-third  jmr 
of  his  age.  Throughout  a  long  series  of  years  he  prosecuted  .he 
study  of  Chemistry  with  great  success,  and  made  numerous  coitri* 
butions  on  that  subject  to  various  scientific  societies  and  periodkda. 
In  early  life  he  was  the  intimate  friend  of  Davy  and  Wollaston9and 
though  never  professing  to  devote  much  time  to  the  study  of  Geoogy, 
he  was  one  of  the  original  founders  of  our  Society.  During  tb#  last 
two  years  he  was  President  of  the  Chemical  Society. 

I  have  also  to  record  the  death  of  Mr.  Vandercomb.  Ii  con- 
ducting the  affairs  of  the  Society  during  a  critical  period,  the  Coun- 
cil found  him  on  several  occasions  a  willing  and  judicious  acriaer. 
His  legal  ability  and  experience  were  placed  gratuitously  at  ther  dis- 
posal ;  and  I  may  mention,  not  only  for  the  information  of  otu  own 
body,  but  for  that  of  several  kindred  societies  younger  than  our  own. 
that  it  was  through  his  instrumentality  that  we  were  enabled  to  dbtaia 
from  the  Crown  a  charter  of  incorporation  less  complex  in  its  dftatfc 
and  more  liberal  in  its  provisions  than  had  previously  been  grantei 
to  any  other  scientific  institution.  * 

Gentlemen, — In  the  wide  range  which  geology  now  presents  f» 
us,  it  has  not  been  without  some  perplexity  that  T  have  determine! 
on  the  form  of  the  Annual  Address  which  I  am  now  called  upon  o 
make  to  you.  The  more  frequent  precedent  afforded  by  aunilr 
addresses  would  suggest  a  general  analysis  or  review  of  what  ha 
been  done,  especially  in  our  own  Society,  during  the  past  year ;  arJ 
this  appears  to  me  one  obvious  and  useful  object  of  such  address  e  k 
At  the  same  time  I  think  it  right  that  each  of  your  Presidents  a 
succession  should  judge  for  himself  as  to  the  manner  in  which  b 
may  best  fulfil  his  mission,  and  adopt  that  course  which  he  may  fc4 
himself  capable  of  rendering  most  subservient  to  the  progress  of  otr 
science.  Vou  will  recollect  that  during  the  past  year  we  have  bra 
much  occupied  in  discussing  the  superficial  accumulations  now  gen* 
rally  designated  as  "  Drift.*'  Our  Quarterly  Journal  of  the  past  ye* 
contains  a  considerable  number  of  papers,  and  some  elaborate  one* 
bearing  more  or  less  immediately  upon  it.  It  is  a  branch  of  ov 
science,  too,  which  has  been  making  of  late  great  progress,  bat  it 
which  much  vet  remains  to  be  done  before  we  arrive  at  a  cotnplet 
knowledge  of  the  phenomena,  and  those  sound  theoretical  view 
which  may  command  something  like  unity  of  assent.    For  then 
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reasons  I  have  determined  to  make  this  subject  the  leading  one  of 
my  address.  In  doing  so  I  shall  not  restrict  myself  to  a  mere  ana- 
lysis of  the  communications  which  have  been  made  to  us.  I  shall 
venture  to  criticize  them  with  such  freedom  as  may,  I  trust,  require 
no  further  apology  than  that  which  the  desire  of  advancing  our  science 
may  afford.  I  shall  also,  before  I  enter  on  this  more  detailed  analy- 
sis, endeavour  to  bring  before  you  a  general  view  of  some  of  the  more 
important  parts  of  the  subject,  under  the  aspect  which  it  now  pre- 
sents to  us.  Papers  also  on  other  subjects  have  been  brought  before 
us,  which  are  far  too  important  to  be  omitted  in  any  general  review 
of  our  proceedings,  and  to  which  I  shall  in  the  sequel  direct  your 
attention. 

If  the  period  of  the  Drift  involved  only  a  repetition  of  the  action 
of  those  geological  causes  which  we  recognize  in  earlier  geological 
periods,  it  would  still  have  an  especial  interest,  as  approximating  to 
our  own  times,  and  as  less  likely  than  those  earlier  periods  to  have 
the  nature  and  character  of  its  operations  and  phenomena  masked 
by  those  of  succeeding  periods.  But  besides  this,  we  have  reason  to 
regard  it  as  a  period  of  peculiar  conditions,  and  of  phsenomena  refer- 
able to  peculiar  causes,  the  study  of  which  has  opened  to  us  entirely 
new  views  respecting  the  agencies  which  have  so  marvellously  modi- 
fied the  face  of  our  planet,  by  the  continual  transference  of  matter 
from  one  part  of  its  surface  to  another.  The  study  of  this  period 
has  also  led  us  to  a  knowledge  of  climatal  conditions  not  before  sus- 
pected, and  to  various  researches  into  the  causes  which  may  have  pro- 
duced those  conditions ;  and  thus  we  have  extended  our  knowledge 
of  one  of  the  most  interesting  branches  of  terrestrial  physics. 

There  is  perhaps  no  branch  in  which  speculative  geology  has  re- 
cently made  more  satisfactory  progress,  than  in  theoretical  views  re- 
specting; the  agencies  by  which  the  larger  masses  associated  with  the 
Drift,  the  erratic  blocks,  have  been  transported  from  one  locality  to 
another.  At  the  same  time  no  subject,  perhaps,  has  been  more  cha- 
racterized, in  passing  through  its  various  phases,  by  extreme  hypo- 
theses and  premature  conclusions.  When  water  alone  was  recognized 
as  the  means  of  transport,  hypotheses  were  sometimes  made  respect- 
ing the  magnitudes  of  single  waves,  and  their  passage  even  over  ele- 
vated mountains,  which  nearly  all  of  us  should  now  agree  in  con- 
demning as  extravagant ;  and  effects  were  attributed  to  them  which, 
from  the  transitory  character  of  any  single  wave,  were  not  only  im- 
probable, but  perhaps  physically  impossible.  In  the  abandonment 
of  such  extreme  hypotheses  we  have  made  a  most  salutary  step* 
Nor  was  the  introduction  of  the  glacial  theories  of  transport  by  gla- 
ciers and  floating  ice,  unattended  by  hypotheses,  which  might  be 
deemed  extreme  hypotheses  with  as  much  propriety  as  those  which 
were  condemned  as  extravagant  in  the  agency  of  water.  It  is  mani- 
fest, however,  that  these  extreme  views  are  gradually  but  surely  giving 
way  in  favour  of  those  more  moderate,  and  as  I  believe  sounder  views 
to  which  we  appear  to  be  rapidly  converging. 

The  glacial  theories  of  transport  of  erratic  blocks  made  rapid  pro- 
gress among  us  Boon  after  their  first  announcement,  although  received 
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by  many  geologists  in  the  first  instance  with  great  reservation.  Om 
reason  of  this  reserve  was,  I  imagine,  the  difficulty  of  oooeemng  * 
change  of  temperature  such  as  required  by  those  theories*  exactly 
opposite  to  the  changes  which  the  geologist  had  ever  oootetaplatecl 
a  change  after  the  glacial  epoch  from  a  lower  to  a  higher  tempera- 
ture. Increased  knowledge,  however,  of  the  causes  affecting  climatal 
conditions  have  enabled  us  to  remove  in  great  measure  this  source  of 
doubt.  Another  reason  for  hesitation  in  accepting  these  theories 
was,  perhaps,  to  be  found  in  the  incautious  manner  in  which  their 
claims  were  asserted  by  some  of  their  first  advocates,  and  the  un- 
limited application  which  were  made  of  them  to  account  for  the  phe- 
nomena of  transported  materials  of  all  kinds.  Whatever  truth  might 
belong  to  the  facts  adduced  in  support  of  these  theories,  it  was  cfcar 
that  much  of  the  reasoning  founded  upon  them  was  untenable.  Over- 
strained applications,  however,  of  physical  theories  are  almost  the 
necessary  consequences  of  their  early  reception  by  minds  animated 
by  an  ardent  seal  for  the  discovery  of  new  scientific  truths ;  and  per- 
haps this  tendency,  in  certain  stages  in  the  progress  of  science,  may 
be  almost  necessary  to  counteract  the  hesitation  of  those  whom  natu- 
ral timidity,  or  possibly  severer  mental  discipline  and  more  accural* 
physical  knowledge,  may  have  rendered  too  slow  in  the  recognition 
of  the  germs  of  new  theories,  while  supported,  perhaps,  by  little  of 
demonstrative  evidence.  All  doubts,  however,  as  to  these  theories 
being  founded  in  truth,  whether  there  might  be  more  or  leas  of  ex- 
aggeration in  the  advocacy  of  them,  soon  gave  wav  before  the  evi- 
dence collected  by  northern  voyagers  respecting  the  action  utf  ice- 
bergs, and  that  supplied  by  Agassis,  Charpentier,  Forbes,  and  others* 
who  devoted  themselves  to  the  study  of  the  constitution  and  motion 
of  glaciers.  Almost  all  geologists,  I  conceive,  now  agree  in  the 
opinion  that  both  floating  and  terrestrial  ice  have  played  their  pert 
to  a  greater  or  less  extent  in  the  transport  of  erratic  blocks. 

The  theories  of  Agassis  and  Charpentier  as  to  the  causes  of  glacier 
motion  have  been  refuted  by  the  exact  admeasurements  made  not  only 
by  Prof.  Forbes,  but  by  those  of  Agassis  himself ;  and  the  specula- 
tive views  of  the  latter  philosopher  on  the  former  extension  of  gla- 
ciers over  the  surface  of  a  large  portion  of  the  northern  hemisphere 
are  no  longer  received.  But,  Gentlemen,  geologists  would  be  ungrate- 
ful, if,  while  they  acknowledge,  as  we  all  do,  the  great  value  of  the 
researches  of  our  countryman  Prof.  Forbes  on  the  Alpine  glaciers, 
they  should  in  any  degree  forget  the  debt  they  owe  to  the  distin- 
guished Swiss  naturalist  and  his  countryman,  who  were  the  first  to 
point  out  the  effects  of  glaciers  in  smoothing  and  striating  rocks,  to 
urge  their  effectiveness  in  the  transport  of  blocks,  and  to  indicate 
phenomena  of  a  past  epoch  similar  to  those  of  the  present  time,  in 
such  a  manner  as  to  command  the  attention  of  geologists,  and  finally 
to  lead  to  the  adoption  of  our  present  views  respecting  the  glacial 
epoch.  It  is  especially  to  M.  Agassi*  and  his  ardour  in  the  pursuit 
of  scientific  truth  that  we  owe  the  first  knowledge  of  this  subject  n 
our  own  country.  His  visits  here,  and  the  personal  favour  with 
which  be  was  received  among  us,  gave  him  frequent  opportunities  ef 
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expounding  his  views ;  and  I  cannot  refrain  on  this  occasion  from 
expressing  the  delight  with  which  I  call  to  mind  the  open-hearted 
hospitalities  which  he  exercised  in  the  deep  recesses  of  the  Bernese 
Alps,  and  from  testifying  to  the  perfect  unreserve  with  which  he 
communicated  his  views  to  those  alike  who  favoured  or  opposed 
them. 

I  have  already  remarked  that  water  was  formerly  almost  the  only 
recognised  agent  in  the  transport  of  erratic  blocks.  On  the  intro- 
duction of  the  glacial  theory  it  was  superseded,  and  appeared  to  be 
almost  forgotten,  nor  does  it  still  seem  to  have  regained  what  I  con- 
ceive to  be  its  just  claims,  in  the  minds  of  many  geologists.  On  the 
abandonment,  however,  of  some  of  the  unreasonable  claims  of  the 
glacial  theories,  and  the  distinct  recognition  of  large  portions  of  drift 
as  subaqueous  phenomena,  the  importance  of  currents  as  agents  of 
transport  gained  more  attention,  though  there  are  probably  many 
persons  who  yet  fail  to  realize  in  their  own  minds  the  enormous  power 
which  such  currents  may  possess,  even  without  greater  velocities  than 
may  be  easily  allowed  them.  This  power  arises  from  the  fact)  which 
I  have  elsewhere  demonstrated,  that  the  moving  force  of  a  current, 
estimated  by  the  weight  of  a  block  of  any  assigned  form  and  mate- 
rial, increases  as  the  sixth  power  of  the  velocity  of  the  current.  It 
is  this  which  accounts  for  the  circumstance  that  the  same  atmosphere 
which  in  one  state  of  motion  constitutes  a  summer  breeze,  but  just 
sufficient  to  move  the  leaf  or  the  flower,  exerts  at  other  times  the 
ajrnpst  irresistible  force  of  the  storm.  It  is  on  this  account,  too,  that, 
reasoning  from  the  power  of  ordinary  currents  of  two  or  three  miles 
an  hour,  we  are  liable  to  miscalculate  so  entirely  the  force  of  a  rapid 
current. 

I  consider  the  distinct  recognition  of  these  three  agencies  of  trans- 
port— glaciers,  floating  ice,  and  currents— as  essential  to  tlje  final 
establishment  of  sound  theoretical  views  on  this  subject,  and  the 
great  majority  of  geologists  are  probably  prepared  to  recognize  them 
\o  a  greater  or  less  extent.  It  is  equally  essential  that  we  should  be 
prepared  to  assign  to  each  of  these  agencies  its  share  in  the  great 
work  of  transport  according  to  the  characters  of  the  transported  ma- 
terials j  for  it  is 'alone  by  a  careful  study  of  these  distinctive  charac- 
ters that  we  can  hope  to  decide  by  what  agent  the  transport  has  been 
effected*  On  this  point  there  appears  to  be  still  much  discrepancy  of 
opinion,  when  the  test  has  to  be  applied  to  individual  cases.  These 
differences  of  opinion  seem  to  manifest  themselves  principally  on 

Jiuestions  relating  to  the  action  of  water,  either  with  reference  to  the, 
prm  in  which  currents  tend  to  deposit  a  general  mass  of  drift,  or  to 
their  effect  in  rounding  and  wearing  the  individual  component  parts 
of  it,  as  compared  with  the  tendency  of  other  piodes  of  transport  tp 
produce  similar  effects.  It  may  be  that  we  have  not  yet  studied  these 
effects  as  referable  to  different  causes  with  sufficient  care,  or  that  we 
are  still  too  much  influenced  individually  by  preconceived  notions ; 
but  it  is  certain  tl^at  different  persons  do  draw  very  different  infer- 
ences as  to  the  mode  of  transport  of  a  given  mass  of  drift,  from  the 
characters  which  its  component  materials  present.    In  some  cases 


XXviii         PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY. 


such  inferences  will  probably  ever  remain  doubtful,  but  in  others 
there  can  be  no  reasonable  grounds  for  doubt.  Moat  geologists  ap- 
pear now  to  agree  about  what  may  be  regarded  as  the  two  eiticme 
cases,  and  admit  small  rounded  pebbles  as  a  proof  of  bug-continued 
aqueous  action,  and  very  large  erratics  with  perfectly  unwoven  angle* 
as  equally  indicative  of  transport  by  ice.  If  there  be  any  among  us 
not  glacialists  to  this  extent,  I  recommend  them  to  the  personal  study 
of  these  blocks.  I  well  recollect,  in  my  own  case,  that  after  resist- 
ing all  verbal  arguments  in  favour  of  glacial  theories,  I  stood  at  once 
convinced  under  the  silent  appeal  of  the  Pierre  a  bot  on  my  visit  to 
that  magnificent  erratic  of  the  Jura.  In  almost  all  the  cases  inter- 
mediate to  these  extremes,  I  fear  we  have  much  yet  to  reconcile  be- 
fore we  come  to  any  unity  of  opinion.  And  here,  Gentlemen,  let  us 
ask  ourselves  in  the  spirit  of  candour,  whether  one  cause  of  this  may 
not  be  found  in  our  natural  tendency  to  hold  too  pertinaciously  to 
preconceived  opinions.  It  will  not  be  denied  by  any  one,  I  imagine, 
that  it  would  generally  be  the  necessary  consequence  of  a  transitory 
current  driving  a  mass  of  drift  over  a  level  surface,  to  spread  it  oat 
in  an  approximately  equable  layer ;  while  such  a  result  could  gene- 
rally be  regarded  as  only  the  accidental  consequence  of  transport  by 
floating  ice.  Such  a  layer  would  indicate  the  latter  as  a  possible  mow 
of  deposition,  the  former  as  a  highly  probable  one.  When  the  gla~ 
cialist  contends  for  the  possible  rather  than  the  probable  mode,  let 
him  examine  himself  strictly  whether  he  may  not  be  unconsciously 
under  the  dominion  of  preconceived  theoretical  views.  Again,  the 
polishing  of  rocks  and  their  striatum  in  definite  directions  may  be 
generally  regarded  as  the  necessary  consequences  of  the  passage  over 
them  of  a  large  mass  of  ice,  preserving  its  general  direction  of  mo- 
tion in  defiance  of  merely  local  obstacles.  Such  effects  might  also  be 
produced  by  the  passage  of  masses  of  detritus.  The  former  is  k pro- 
bable, the  latter  a  possible  mode  of  producing  these  phsenotnem. 
When  the  opponent  of  the  glacialist,  therefore,  urges  the  latter  against 
the  former  mode  of  action  (except  under  some  particular  conditio*), 
let  him  also  institute  a  self-examination  as  to  whether  he  is  exercising 
his  unclouded  and  unprejudiced  judgment.  Gentlemen,  I  would  ex- 
hort you  earnestly  to  prosecute  your  researches  and  speculations  with 
a  fair  and  liberal  feeling  towards  the  views  of  others,  and  especially 
with  an  unflinching  obedience  to  the  laws  of  inductive  philosophy. 
Every  geologist,  who  takes  an  impartial  review  of  the  history  or  his 
own  mind  with  reference  to  geological  opinions,  will  probably  fed 
that  what  is  termed  consistency  of  opinion  would  frequently  have 
been  in  his  own  case  persistency  in  error.  I  feel  the  more  entitled 
to  make  these  remarks,  from  the  consciousness  of  having  resigned 
much  of  my  own  early  convictions  respecting  the  glacial  theory ;  and 
I  make  them  in  immediate  connexion  with  the  subject  before  *■» 
because  I  believe  that  much  remains  to  be  done  in  these  superficial 
deposits  before  we  can  completely  interpret  them ;  and  I  believe  also 
that  for  our  progress  towards  sound  opinion  and  unity  of  view  respect* 
ing  them,  ability  and  fidelity  in  the  observer  will  scarcely  be  mora 
necessary  than  that  fairness  and  candour  without  which  he  vaiB 
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assuredly  fail  to  bring  his  observations  as  true  tests  of  the  different 
views  with  which  the  subject  is  at  present  perplexed.  Let  us  not 
seek  for  mere  possibilities  in  support  of  antecedent  opinions,  but  sub- 
mit our  views  constantly  to  the  test  of  enlarged  experience  and  care- 
ful induction.  There  may  be,  doubtless,  a  stage  in  the  progress  of 
science  in  which  new  views,  thrown  out  at  random,  and  the  advocacy 
of  individual  opinion  with  somewhat  more  than  philosophical  perti- 
nacity, may  be  effective  in  the  development  of  truth ;  but  there  is 
assuredly  also  another  and  more  advanced  stage  of  science,  in  which 
such  habits  of  mind  can  only  retard  and  embarrass  its  progress,  and 
impede  our  arrival  at  those  ultimate  truths  which  it  may  be  our  ob- 
ject to  establish.  At  this  latter  stage  I  believe  the  science  of  geology 
to  have  arrived ;  and  if  by  these  remarks  I  should  induce  one  specu- 
lative geologist  to  watch  with  increased  rigour  the  reasoning  by  which 
he  arrives  at  his  convictions,  I  shall  perhaps  have  done  more  for  our 
science  than  I  can  do  by  any  detailed  information  which  an  occasion 
of  this  nature  may  enable  me  to  bring  before  you. 

I  shall  now  direct  your  attention  to  some  of  the  leading  characters 
of  the  great  mass  of  drift  which  extends  over  so  large  a  portion  of 
northern  Europe.  And  first  I  shall  speak  of  the  stria  which  so 
abound  in  the  northern  part  of  the  region  in  question.  "When  re- 
garded with  reference  to  a  limited  area,  their  directions  might  be 
described  as  characterized  by  the  law  of  parallelism ;  but  when  re- 
garded with  reference  to  the  whole  region,  we  find  them  really  cha- 
racterized by  the  law  of  divergency.  To  those  observers  who  had 
not  examined  the  striae  on  the  shores  of  the  North  Sea,  some  point 
lying  to  the  north  of  those  shores,  and  nearly  in  the  direction  of 
Spitsbergen,  seemed  best  to  represent  the  centre  of  this  divergence  ; 
but  subsequently  M.  Bohtlingk  observed  striae  descending  from  Kemi 
eastward  to  Onega  Bay,  on  the  shores  of  which  it  is  situated,  and  on 
the  northern  coast  of  Lapland,  he  also  observed  them  descending  from 
the  high  lands  northward  to  the  sea.  These  observations  have  also 
been  corroborated  by  other  observers.  Around  the  district  com- 
prising the  mountains  of  Scandinavia  striae  appear  to  exist,  directed 
to  almost  every  point  of  the  compass,  and  the  characters  of  their  di- 
vergency generally  for  the  whole  region  may  be  considered  as  esta- 
blished. 

The  directions  in  which  the  detrital  matter  has  moved  in  its  trans- 
port across  a  particular  locality  cannot,  of  course,  be  ascertained  with 
entirely  the  same  accuracy  as  those  of  the  striae  ;  but  the  erratic  blocks 
can  in  numberless  instances  be  identified  with  the  rocks  of  a  parti- 
cular locality,  and  thus  the  mean  direction  in  which  a  particular  block 
has  travelled  can  be  determined  with  great  accuracy.  All  the  blocks, 
however,  originating  in  the  same  locality  have  not  been  transported  in 
the  same  direction.  M.  Durocher  has  noticed  especially  a  granular 
granite,  easy  to  be  recognized,  of  which  the  original  site  is  in  the  de- 
partment of  Vibourg  in  Finland.  The  extreme  directions  in  which 
the  blocks  have  proceeded  from  this  spot  comprise  an  angle  nearly 
equal  to  two  right  angles.  The  mean  direction,  however,  of  these 
blocks,  and  that  along  which,  or  nearly  so,  the  greatest  number  have 
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proceeded,  is  very  approximately  coincident  with  the  direction*  of 
the  striae  along  the  same  line.  A  similar  law  holds  with  respect  to 
other  blocks  which  can  be  traced  to  their  respective  original  sites. 
It  may  therefore  be  asserted  as  a  law  in  this  region,  that  the  general 
or  mean  directions  of  transport  are  approximately  coincident  with 
the  directions  of  the  strise. 

If  we  refer  to  the  analogous  phenomena  of  Scotland,  we  find  the 
general  law  which  characterizes  them  is  exactly  that  above  enun- 
ciated ;  bat  when  we  examine  the  details  of  this  latter  case,  it  appears 
that  the  general  law  is  only  approximately  true,  for  the  law  of  dn 
vergency  does  not  accurately  hold  with  reference  to  one  general 
centre,  but  with  reference  to  a  number  of  particular  centres.  This  I 
hare  proved  in  the  memoir  on  the  granitic  blocks  of  the  8outh  High- 
lands of  Scotland,  inserted  in  the  last  Number  of  our  Journal,  with 
respect  to  the  granitic  nucleus  of  Ben  Cruachan,  and  that  of  the 
group  of  mountains  immediately  on  the  west  of  the  northern  part  of 
Ben  Lomond.  To  complete  our  knowledge  of  the  Scandinavian  strise, 
it  is  necessary  to  ascertain  whether  such  particular  centres  art  found 
also  in  the  mountainous  district  of  that  region.  This  is  one  of  the 
points  to  which  I  would  especially  direct  the  attention  of  observers. 

So  long  as  we  restrict  ourselves  to  the  Highlands  of  Scotland,  ws 
easily  recognize  the  circumstances  which  have  determined  the  parti* 
cular  directions  which  the  blocks  hare  taken*  They  have  followed 
the  valleys  which  must  have  existed  previously  to  their  dispersion, 
wherever  those  valleys  were  sufficiently  defined  to  govern  the  opera- 
tion of  the  transporting  agents.  And  this  would  appear  also  to  navs 
been  the  case  in  the  more  immediate  vicinity  of  the  Scandinavian 
chain.  We  may  consider  the  strise,  then,  to  represent  the  general 
direction  of  transport,  and  we  find  them,  as  laid  down  on  the  map  of 
M.  Sefstrom,  exactly  coinciding  with  the  directions  of  the  river* 
valleys  descending  from  the  mountains.  So  perfect  a  coincidence 
leaves  little  doubt  of  the  influence  of  the  pre-existing  valleys  in 
the  direction  of  transport.  But  as  we  recede  from  the  mountain- 
ous district,  even  in  the  limited  space  between  the  Highlands  and 
the  eastern  coast  of  Scotland,  the  configuration  of  the  countrv  no 
longer  presents,  in  many  parts,  those  determinate  features  wnich 
would  necessarily  give  a  definite  direction  to  the  masses  transported 
across  it  $  and  how  much  more  is  this  true  with  respect  to  the  wide- 
spread plains  of  northern  Russia  and  of  northern  Germany  1  And 
yet,  in  all  these  cases,  the  directions  of  the  strise  obey  with  wonder* 
rul  regularity  the  same  law  of  divergency  as  those  nearer  to  the  cen* 
tral  chain.  We  may  easily  understand  how  glaciers  would  descend 
down  the  mountain-valleys,  and,  after  reaching  the  level  of  the  sea, 
how  the  ice  would  float  along  the  submarine  continuations  of  the 
same  valleys,  leaving  strise  along  them,  without  the  power  of  de- 
viating from  a  fixed  direction ;  but  after  having  escaped  from  the 
valleys  on  the  immediate  flanks  of  the  central  mountains,  what  ens* 
can  have  operated  to  drive  forward  through  the  more  open  sea  these 
masses  of  ice,  or  the  masses  of  other  materials  which  may  have  been 
the  striating  and  grooving  agents,  in  the  same  continuous  direction* 
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and  with  such  a  force  and  determination  that  they  could  not  be  turned 
aside  by  the  numerous  projecting  bosses  of  solid  rock  on  which  they 
hare  so  effectively  engraved  the  record  of  their  transit  1  According 
to  the  hypothesis  which  we  shall  probably  all  be  ready  to  adopt,  the 
more  elevated  parts  of  the  Scandinavian  range  must,  at  the  period  we 
are  referring  to,  have  formed  an  island,  round  which  ordinary  ocean- 
currents  may  possibly  have  passed  in  any  direction ;  but  the  notion 
of  such  ordinary  currents  diverging  in  such  various  directions  ra- 
diating from  the  central  portion  of  this  Scandinavian  island,  can  only 
be  spoken  of  as  an  absurdity.  And  yet  no  other  force  has  ever  been 
suggested,  or  is  perhaps  conceivable,  except  that  of  currents,  as  effi- 
cient to  drive  large  icebergs  or  a  mass  of  looser  materials  in  a  deter- 
minate direction,  in  defiance  of  numerous  opposing  obstacles.  It 
appears  to  me,  therefore,  that  we  are  driven  to  the  alternative  either 
of  rejecting  all  theory  on  the  subject,  or  of  adopting  that  which 
would  attribute  these  currents  to  waves  of  elevation,  resulting  from 
frequent,  sudden,  but  not  extensive  vertical  movements  of  the  cen^ 
traf  range  of  elevated  land  ;  movements  which  we  may  conceive  to 
have  been  thus  repeated  while  the  mean  movement  of  the  whole  re* 
gion  was  one  either  of  gradual  depression  or  of  elevation* 

And  here  I  would  make  an  observation  which  may  not  perhaps  be 
without  its  theoretical  value.  Adopting  this  view  of  the  subject,  we 
may  conceive  the  centres  of  the  elevatory  movements  to  have  beeti 
different  at  different  times,  and  consequently  the  directions  of  the 
corresponding  currents  produced  by  them  to  have  been  different,  as 
in  fact  they  would  appear  to  have  been  from  the  different  directions 
in  which  the  transported  matter  has  been  driven  from  the  same  ori- 
ginal Bite.  But  the  movements  which  would  send  forth  the  greatest 
quantity  of  floating  ice  would  be  those  which  more  immediately 
affected  the  line  of  coast ;  and  the  coast  being  deeply  indented,  as  it 
must  have  been,  by  the  present  river-valleys  when  submerged,  tor- 
rents would  be  simultaneously  discharged  from  their  mouths  which 
would  determine  in  a  material  degree  the  resulting  current  in  the 
open  sea  ;  and  since  these  valley-currents  would  necessarily  have  air- 
ways the  same  directions,  they  would  tend  to  impress  approximately 
the  same  constant  direction  on  the  resulting  ocean-current,  whatever 
might  be  the  precise  centre  of  the  elevatory  movement.  This  influ- 
ence however  would,  of  course,  be  principally  felt  at  points  least  re- 
mote from  the  then  existing  coasts. 

When  we  pass  to  the  great  field  of  northern  drift  Which  the  com 
tinent  of  North  America  presents  to  us,  it  is  not  perhaps  without 
gome  feeling  of  disappointment  that  we  find  the  directions  of  the  striae 
and  those  of  transport  without  any  distinct  character  of  divergency 
either  from  local  centres  or  from  a  general  one.  The  observations 
described  in  Dr*  Bigsby's  paper  on  the  "  Erratics  of  Canada,"  were 
made  before  the  importance  of  striated  and  polished  rocks  had  been 
recognized,  or  we  should  doubtless  have  obtained  much  valuable  in- 
formation respecting  them  from  so  careful  an  observer.  We  learn 
however  from  the  American  geologists  that  the  striae  preserve  an  ap- 
proximate parallelism  in  a  north-westerly  and  south-easterly  direc- 
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turn  over  the  north-eastern  part  of  the  North  American  continent, 
and  that  the  erratic  blocks  and  other  transported  matter  hare  come 
in  the  same  direction.  In  northern  Europe,  when  the  striating  agents 
had  quitted  the  Scandinavian  mountains,  they  met  with  no  other 
mountains  of  sufficient  magnitude  to  impede  their  general  course,  or 
materially  modify  the  directions  of  movement ;  but  in  America  the 
striatum,  according  to  the  American  geologists,  has  been  carried 
not  only  transversely  but  obliquely  over  some  of  their  highest  moon- 
tains,  without  material  deviation  from  its  normal  direction,  except 
along  or  near  the  bottoms  of  some  of  the  valleys,  in  which  cases  the 
direction  of  the  stria;  nearly  coincides  with  those  of  the  valleys. 

This  coincidence  of  direction  in  the  lower  parts  of  the  valleys  is 
exactly  what  we  should  expect,  and  is  accordant  with  the  character 
of  the  like  phenomena  in  Europe ;  and  the  persistency  of  transverse 
oblique  directions  in  the  stria;  over  the  upper  parts  of  elevated  tracts 
presents  no  difficulty ;  for  so  long  as  the  striating  agent  (as  an  ice- 
berg) should  only  come  in  contact  with  those  upper  parts,  its  opera- 
tions could  not  be  influenced  by  the  depths  of  the  valleys  below.  Bat 
what  takes  place  at  intermediate  heights  between  the  bottoms  of  the 
valleys  and  the  tops  of  the  mountains  ?  It  is  impossible  to  suppose, 
if  the  side  of  a  mountain  were  striated  in  every  part,  that  while  the 
striae  at  the  bottom  should  be  parallel  to  the  lateral  valley  or  axis  of 
the  mountain,  and  those  at  the  top  should  be,  for  instance,  perpen- 
dicular to  it,  the  striae  at  intermediate  heights  should  not  have  some 
intermediate  directions  in  passing  from  one  extreme  limit  to  the  other. 
Careful  observations  ought  to  be  made  on  this  point.  The  height  to 
which  the  striae  preserve  their  parallelism  with  the  valleys  below,  and 
the  distance  from  the  tops  of  the  higher  ridges  across  which  they  pre- 
serve their  transverse  directions,  should  be  most  carefully  noted.  Nor 
ought  any  geologist,  in  a  delicate  question  of  this  kind,  to  trust  to 
vague  measurements  and  general  impressions.  Every  direction  ought 
to  be  carefully  taken  and  as  carefully  laid  down  on  a  good  physical 
map,  together  with  the  dip  and  strike  of  the  striated  surface.  The 
general  configuration,  too,  of  the  immediate  vicinity  should  be  de- 
scribed, with  reference  to  its  probable  influence  on  the  motion  of  any 
mass  to  which  the  striae  may  be  attributable.  Again,  it  has  been 
said  that  in  many  cases  the  lee  Me  and  storm  tide  of  an  elevated 
ridge  are  sometimes  equally  marked  by  striae  trantveree  to  its  direc- 
tion. This  seems  entirely  at  variance  with  our  observations  on  this 
side  of  the  Atlantic,  except  in  those  cases  in  which  the  striae  are 
attributable  to  local  action,  in  contradistinction  to  that  more  general 
fiction  of  such  agents  as  masses  of  ice,  for  instance,  driven  in  one  di- 
rection over  the  whole  region  from^N.W.  to  8.E.  I  have  not 
hitherto  been  able  to  represent  to  myself  the  physical  possibility  of 
triae  on  the  lee  side  remote  from  the  top  of  the  ridge,  having  been 
produced  by  the  general  action  just  referred  to.  May  they  not  have 
Juhju  more  frequently  due  to  local  action  than  has  been  suspected  t 
file  glacial  theories,  on  their  first  introduction,  did  not,  I  think, 
make  so  much  impression  on  the  minds  of  American  as  on  those  of 
European  geologists,  and  many  of  the  recorded  observations  of  striated 
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rocks  were  made,  if  I  mistake  not,  under  impressions  very  unfavour- 
able to  those  theories.  Let  me  not  be  thought  by  this  remark  to 
cast  a  reflection  on  American  geologists, — men  to  whom  our  science 
owes  so  much,  and  from  whom  it  expects  so  much  more  in  the  noble 
field  in  which  they  are  labouring ;  but  we  shall  all  do  well,  Gentle- 
men, in  learning  to  doubt  the  completeness  of  our  observations  on 
difficult  and  controverted  points  when  made  under  the  strong  im- 
pressions of  antecedent  convictions.  What  I  am  especially  anxious 
lor,  is  to  see  the  American  geologists  resuming  their  observations  in 
all  possible  detail  on  this  interesting  subject,  and  with  candid  refer* 
ence  to  the  different  physical  causes  to  which  smoothed  and  striated 
rocks  have  been  attributed.  There  are  few  phenomena  more  likely 
to  elucidate  the  mixed  and  perplexing  operations  of  the  period  to 
which  they  must  be  referred.  In  northern  Europe  M.  Sefstrom  has 
set  us  an  admirable  example  by  his  careful  and  exact  manner  of 
making  his  observations,  and  of  mapping  the  results  of  them.  There 
is  still  much  room  for  following  out  similar  observations  in  the  Scan- 
dinavian regions.  In  our  own  islands,  too,  in  Ireland,  we  have  a  field 
in  which  much  yet  remains  to  be  done.  The  observations  on  these 
points  by  my  friend  Mr.  Griffith  were  made,  as  he  has  told  me,  a 
considerable  time  ago,  and  incidentally  rather  than  as  forming  a 
leading  object  in  his  researches.  It  is  not  therefore  to  be  expected 
that  they  should  be  sufficient  to  satisfy  the  present  requirements  of 
the  science.  If  by  these  remarks,  Gentlemen,  I  should  perchance  lead 
any  geologist  to  reflect  on  the  geological  importance  of  this  subject, 
and  to  make  and  record  his  observations  upon  it  with  more  than 
ordinary  accuracy,  I  feel  that  I  shall  be  attaining  one  of  the  best 
objects  for  the  accomplishment  of  which  an  address  of  this  kind  may 
be  rendered  useful. 

I  shall  now  proceed  to  make  a  few  observations  on  the  arrange- 
ment of  the  materials  which  constitute  the  Drift  of  northern  Europe. 
Though  in  many  cases  this  arrangement  seems  very  confused,  as  we 
might  expect  it  to  be,  there  does  appear  to  be  frequently  a  decided 
predominance  of  finer  material  in  the  lower,  and  of  coarser  ma- 
terial in  the  upper  portion.  The  lower  mass  frequently  consists  of 
fine  argillaceous  ana  arenaceous  sediment,  sometimes  mixed  with 
rolled  pebbles,  and  reposing  immediately  on  the  polished  and  striated 
rocks.  Taking  the  whole  area  of  deposition  in  Norway,  Denmark, 
Sweden,  northern  Russia,  and  northern  Germany,  the  materials  above 
described  constitute  the  great  mass  of  the  drift ;  and  on  this  mass 
generally  the  large  erratic  blocks  are  superincumbent,  though  many 
blocks  are  also  found  imbedded  within  its  mass.  The  submarine 
origin  of  the  general  mass  is  rendered  unequivocal  by  the  organic 
remains  which  it  is  found  in  various  localities  to  contain. 

The  boundary  of  the  area  over  which  this  enormous  mass  of  de- 
trital  matter  has  been  deposited  proceeds  from  a  point  E.  of  the 
White  Sea  towards  the  S.E.  until  it  touches  in  one  point  only  on  the 
Ural  Mountains,  whence  it  proceeds  south  of  Moscow  to  the  Carpa- 
thian Mountains,  and  includes  the  whole  of  northern  Germany. 
Throughout  Russia  and  Poland  it  is  laid  down  in  the  map  which  ac- 
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companies  the  '  Geology  of  Russia.9  Independently  of  its  ligsag 
irregularities,  it  maj  be  considered  approximately  as  the  drcumferenoe 
of  a  circle  haying  its  centre  near  the  northern  extremity  of  the  Gulf 
of  Bothnia.  A  very  large  majority  of  the  blocks  dispersed  over  this 
immense  area  can  be  distinctly  referred  to  their  Scandinavian  origin, 
thus  showing  in  a  remarkable  manner  the  centrifugal  or  radiating 
action  already  mentioned  of  the  forces  by  which  this  dispersion  has 
been  effected. 

The  granite-boulders  seem  to  have  been  in  this,  as  in  so  many 
other  cases,  the  best  travellers.  They  constitute  the  greater  part  of 
the  blocks  in  the  external  zone  of  the  drift.  But  it  is  of  more  on* 
portance  to  remark,  that  whatever  may  be  the  nature  of  the  blocks, 
they  become  almost  universally  smaller  and  more  rounded  as  we  ap- 
proach the  external  boundary  above  indicated.  This  seems  to  me 
conclusive  as  to  the  nature  of  the  transporting  agency  in  this  outer  sone. 
I  can  conceive  water  alone  to  be  capable  of  giving  these  characters 
to  the  transported  materials.  On  the  contrary,  as  we  approach  the  cen- 
tral portion  of  this  region  of  drift,  we  find  the  blocks  of  enormous  sise, 
perfectly  angular,  and  not  unfrequently  imbedded  in  msssrs  of  fine 
drift,  indicative  of  the  absence,  at  the  time  of  its  deposition,  of  any 
violent  currents  capable  of  moving  the  blocks  imbedded  in  it.  In  this 
we  recognise  the  transport  by  floating  ice.  And  again,  on  the  central 
land,  we  recognise  glaciers  as  the  source  of  the  floating  ice,  and  the 
means  of  transporting  large  angular  blocks  from  their  original  sites 
on  the  mountains  to  the  level  of  the  ocean. 

You  will  not  suppose,  Gentlemen,  that  in  statins;  these  condusions 
I  regard  myself  as  opening  new  views  to  you.  My  object  is  merely 
to  present  the  subject  to  you  in  a  general  but  compendious  form,  in 
the  hone  that  I  may  thus  lead  you  to  contemplate  its  various  points 
collectively,  and  to  see  how  much  they  are  Drought  into  harmony 
with  each  other  by  a  distinct  recognition  of  the  three  causes  abort 
mentioned,  and  a  due  allotment  of  the  varied  phssnomena  of  the  drift 
to  their  respective  modes  of  transport. 

The  authors  of  the  '  Geology  of  Russia '  consider  the  present 
boundary  of  the  region  of  the  drift  in  north-eastern  Russia,  as  indi- 
cating the  approximate  boundary  of  the  glacial  sea  in  that  region 
during  the  drift-period,  and  this  "conclusion  appears  to  me  perfectly 
legitimate.  They  also  consider  the  low,  flat  lands  of  northern  Asia 
to  have  been,  about  the  same  period,  under  the  sea.  In  favour  of 
this  view,  there  appears  to  be  the  unequivocal,  though  not  perhaps 
abundant,  evidence  of  marine  remains.  There  seems  to  be  no  evidence, 
however,  of  a  submergence  of  this  region  approximating  in  depth  to 
that  of  many  parts  of  the  European  continent ;  the  present  low  lands 


conclude  that  northern  Asia  was  in  a  state  of  comparative  repose 
during  the  period  of  much  greater  oscillation,  and  probably  of  mors 
frequent  and  comparatively  violent  disturbance  of  the  European  area. 
Again,  no  traces  of  former  glaciers  have  been  detected  on  the  Ural 
Mountains,  or  on  the  projecting  headlands  which  run  out  to  the 
northward  from  the  high  lands  of  northern  and  central  Asia.  Tina 
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former  absence  of  glaciers,  during  our  glacial  period,  in  a  region  now 
so  much  colder  than  Europe,  appears  at  first  sight  a  great  anomaly. 
It  presents,  however,  no  real  difficulty,  because  those  very  causes 
which  I  believe  to  have  produced  the  glacial  cold  of  Europe  would 
necessarily  diminish  the  cold  of  northern  Asia,  and  more  especially 
that  portion  of  it  immediately  east  of  the  Ural  chain,  as  I  have  ex- 
plained in  my  paper  "  On  the  Causes  of  Changes  of  Terrestrial  Tem- 
perature." This  effect  would  be  due  to  the  extension  of  the  Atlantic 
Ocean  to  the  eastward,  so  that  the  region  of  the  Ural  would  become 
part  of  the  western  shores  of  the  old  continent,  and  would  experience 
climatal  influences  similar,  though  far  less  in  degree,  to  those  now 
experienced  in  our  own  region.  Hence  what  I  have  termed  the  line 
of  32°  F.  would  be  higher  in  north-western  Asia  than  at  present. 
On  the  other  hand,  the  extension  of  the  ocean  to  the  eastward  would 
lessen  the  great  difference  which  now  exists  in  northern  Asia  between 
the  summer  and  winter  temperatures ;  and  on  this  account  the  height 
of  the  snow-line  above  die  fine  of  32°  would  be  diminished.  Conse- 
quently the  absolute  height  of  the  snow-line  would  be  increased  by 
the  first  cause  and  diminished  by  the  second,  and  would  probably  be 
not  very  different  from  its  present  height,  though  it  might  possibly  be 
somewhat  less.  Now,  since  the  configuration  of  the  mountains  was 
probably  very  nearly  the  same  at  the  glacial  epoch  as  now,  the  ex* 
istence  of  glaciers  upon  them  would  depend  upon  the  height  of  the 
snow-line ;  and,  that  height  not  being  materially  altered,  there  is  no 
more  reason  why  glaciers  should  have  existed  there  at  the  more 
remote  than  at  the  present  epoch;  and  at  present  we  know  that 
there  are  none  in  the  Ural  chain  as  far  as  the  70th  degree  of  lati- 
tude*, and  none  on  the  mountains  of  northern  Asia  descending  nearly 
low  enough  to  reach  the  level  of  the  shallow  sea,  which  we  suppose 
to  have  covered  the  low  lands  of  that  region  during  the  glacial  period. 

This  former  absence  of  glaciers,  and  the  comparative  repose  of 
northern  Asia  during  our  glacial  epoch  are  sufficient  to  account  for 
what  appears  at  first  sight  extremely  anomalous — the  fact,  that  while 
on  the  west  of  the  Ural  Mountains  we  have  a  district  covered  with 
enormous  erratic  blocks,  there  is  scarcely  a  single  block  to  be  found 
on  the  east  of  that  chain  at  any  distance  from  its  original  site,  the 
whole  mass  of  detrital  matter,  too,  being  very  small  and  principally 
referable  to  merely  local  causes. 

I  cannot  quit  this  part  of  our  subject  without  remindingyou  of 
the  lucid  manner  in  which  the  authors  of  the  *  Geology  of  Russia' 
have  pointed  out  how  well  the  above  state  of  northern  Asia  accords 
with  the  supposed  existence  of  Mammoths  during  the  glacial  epoch, 
and  how  happily  Sir  Charles  Lyell  and  Professor  Owen  explained 
the  capabilities  of  those  animals  to  sustain  the  hardships  of  a  cold 
climate.  But  before  the  publication  of  Dove's  map  of  isothermal 
lines,  we  had  no  adequate  means  of  accurately  estimating  the  effect 
of  such  conditions  as  those  above  assumed  on  the  climate  of  north- 
western Asia.  The  extension  of  the  Atlantic  Ocean  nearly  to  the 
foot  of  the  Ural  chain  would  heighten  considerably  the  mean  annual 
*  Geology  of  Russia. 
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temperature  of  the  neighbouring  land,  especially  if  the  height  of  that 
chain  was  lower  than  at  present,  as  Sir  R.  Murchison  supposes  it  to 
have  been  at  the  period  in  question.  But  the  great  effect  would 
consist  in  the  lessening  of  the  enormous  existing  difference  between 
the  summer  and  winter  temperatures  already  alluded  to.  The  winter 
temperature  would  doubtless  be  very  much  moderated,  and  therefore 
any  difficulty  of  conceiving  how  great  pachyderms  could  exist  through 
a  Siberian  winter  is  in  a  great  degree  removed.  Again,  a  much  more 
adequate  reason  is  thus  assigned  for  their  subsequent  disappearance 
from  that  region.  The  cause  to  which  this  fact  nas  been  attributed 
is  an  increase  of  cold  arising  from  some  additional  elevation  of  the 
Ural  chain,  and  a  rise  of  the  region  in  general  to  the  amount  of  a  few 
hundred  feet.  I  believe  it,  however,  to  be  certain  that  these  causes 
alone  could  produce  but  little  influence  on  the  climate ;  but  if  we 
unite  with  them  the  withdrawal  of  the  ocean  from  the  Ural  chain 
within  its  present  limits,  we  have  an  adequate  cause  for  changing  the 
climate  from  one  much  more  equable  than  at  present  to  the  extreme 
of  a  continental  one ;  from  a  climate  in  which  the  mammoth  might 
exist  to  one  in  which  its  existence  during  the  winter  would  be  no 
longer  possible.  This  would  seem  to  afford  a  very  adequate  cause 
for  the  disappearance  of  the  mammoths  from  the  Siberian  region ; 
why  they  should  not  still  have  sought  a  refuge  in  lands  somewhat 
more  southerly,  which  must  still  have  been  open  to  them,  may  be  a 
question  of  more  difficult  solution. 

With  respect  to  the  order  of  events  connected  with  the  glacial 
epoch,  conclusions  have  sometimes  been  drawn  which  do  not  appear 
to  me  altogether  warranted  by  the  observed  phssnomena.  The  stri- 
ated and  polished  rocks,  as  fixed  rocks  in  situ,  must  necessarily  be 
subjacent,  where  they  exist,  to  the  lowest  beds  of  the  drift,  frequently 
consisting  of  fine  argillaceous  and  arenaceous  matter.  It  has  been 
hence  inferred  that  the  process  of  striating  and  polishing  these  sub- 
jacent rocks  must  have  been  altogether  anterior  to  the  whole  process 
of  deposition  of  the  finer  matter,  each  of  these  processes  occupying 
distinct  and  separate  intervals  of  time.  No  one  would,  of  course, 
suppose  that  the  matter  reposing  on  a  given  surface  of  striated  rock 
could  have  been  deposited  there  before  that  surface  became  striated ; 
but  the  real  question  is,  whether  these  two  processes  of  striating  and 
depositing  were  not  going  on  simultaneously  in  the  region  generally, 
though  not  at  absolutely  the  same  point*. "  If  the  strife  be  due,  as 
some  geologists  have  supposed,  to  uetrital  matter  driven  by  a  rapid 
current,  the  two  processes  must  of  necessity  have  been  simultaneous, 
the  one  where  the  current  was  most  rapid, "the  other  where  it  was  leas 
so.  Or  if  we  refer  the  striae  in  the  lower  and  flatter  regions  of  the 
area  of  the  drift  to  floating  ice,  how  was  it  that  the  icebergs  and  the 
currents  which  impelled  them  onwards  bore  no  detrital  matter  at 
that  time,  and  so  much  at  a  subsequent  time  ?    I  conceive  the  two 

Sroceasea  to  have  gone  on  simultaneously.  No  agency  for  the  pro- 
uction  of  striated  and  polished  surfaces  has  ever  yet  been  suggested 
which  would  not  almost  necessarily  be  accompanied  with  the  trans- 
port, and  consequently  with  the  deposition  of  detrital  matter.  Cor- 
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rents  and  small  icebergs  might  deposit  from  time  to  time  detrital 
matter  on  a  given  rock-surface,  but  the  first  iceberg  that  succeeded, 
large  enough  to  reach  down  to  that  surface  and  grind  over  it,  would 
clear  away  the  detritus  previously  deposited  upon  it,  and  smooth  and 
striate  the  rock  itself.  This  might  be  repeated  for  a  long  period  of 
time,  during  which  the  process  of  striating  the  projecting  surfaces 
might  be  contemporaneous  with  that  of  permanent  deposition  at 
points  almost  immediately  contiguous,  but  at  lower  levels.  Finally, 
supposing  a  continued  subsidence  of  the  general  area,  the  projecting 
striated  bosses  would  sink  below  the.  reach  of  the  icebergs,  and  the 
transport  of  matter  still  continuing,  would  become  permanently 
covered  up.  As  the  general  area  re-emerged  it  would  be  subject  to 
denudation,  which  might  be  expected  to  lay  bare  again  some  of  the 
striated  rocks,  and  leave  others  permanently  covered  with  detrital 
matter  as  we  now  find  them. 

Again,  with  reference  to  the  combined  operations  of  floating  ice 
and  currents,  it  is  not  unworthy  of  remark  that  the  former  would 
necessarily  deposit  least  of  its  freight,  cceteris  paribus,  in  its  unim- 
peded motion  over  deeper  waters,  and  a  greater  part  in  its  impeded 
course  over  shallow  bottoms.  On  the  contrary,  currents  would  de- 
posit least  on  the  shallow  bottoms,  where,  cteteris  paribus,  their 
velocity  would  be  greatest,  and  most  in  the  deeper  waters;  and 
moreover  it  would  be  in  these  deeper  waters  that  the  finer  matter 
would  be  deposited.  Thus  the  existence  of  beds  of  finer  and  in  many 
cases  stratified  deposits,  having  more  tumultuous  deposits  possibly 
both  above  and  below  them,  as  in  some  parts  of  North  America,  does 
not  necessarily  indicate  a  cessation  in  the  more  energetic  action  of 
the  forces  of  dispersion,  but  may  merely  indicate  deposition  in  a 
deeper  sea.  If  also  large  angular  blocks  from  distant  sites  should 
be  imbedded  in  this  mass  of  finer  matter,  we  see  an  additional  indi- 
cation of  a  deep  sea  in  which  a  floating  iceberg  would,  perhaps  at 
distant  intervals,  drop  a  portion  of  its  freight. 

There  is  also  a  consideration  connected  with  the  process  of  trans- 
port by  certain  currents  alone,  which,  with  reference  to  our  inferences 
as  to  the  succession  of  events,  is  of  some  importance.  I  have  men- 
tioned it  in  my  memoir  "  On  the  Granitic  Blocks  of  the  South  High- 
lands of  Scotland,"  which  appears  in  the  last  Number  of  our  Journal. 
Currents  attending  waves  produced  by  sudden  elevations,  greater  or 
less,  are  necessarily  transitory,  and  each  can  only  carry  the  ma- 
terials it  may  transport  to  certain  distances,  depending,  cateris pari- 
bus, on  the  magnitudes  of  the  component  individual  masses,  the  large 
blocks  being  carried  but  to  small  distances,  and  the  smaller  particles 
to  much  greater  distances.  Thus  the  first  wave  would  produce  a 
layer  consisting  of  the  larger  blocks  near  their  source,  and  of  fine  de- 
tritus at  the  remoter  distances.  The  second  wave  would  produce  a 
similar  effect,  and  would  also  carry  the  blocks  of  the  first  wave  to  a 
somewhat  greater  distance,  and  so  on  for  successive  waves.  The 
effect,  then,  of  a  succession  of  similar  waves  would  be  the  formation, 
over  the  more  remote  parts  of  the  area  of  deposition,  of  a  bed  of 
finer  matter,  in  the  upper  portion  of  which  would  exist  blocks  rounded 
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and  waterworn  by  their  transit.  Thus  we  should  hare  the  phe- 
nomena of  fine  detrital  mater  below  and  blocks  above,  apparently 
referable  to  separate  successive  periods  of  time,  during  the  first  of 
which  one  kind  of  agency  should  have  transported  the  finer  sediment, 
and  during  the  second  another  and  much  more  powerful  agency 
should  have  transported  the  blocks  and  coarser  detritus,  while,  in 
fact,  the  whole  phaenomena  would  be  really  referable  to  a  repetition 
of  precisely  the  same  agency  during  the  whole  period  of  transport. 
That  period,  therefore,  except  in  a  limited  sense,  and  not  with  refer- 
ence to  the  whole  area  of  transport,  could  not,  in  the  case  now 
supposed,  be  divided  into  two,  but  must  be  regarded  as  one  single 
period. 

I  do  not  mean  here  to  assert  the  opinion  that  the  actual  glacial 
period  recognized  by  geologists  was  characterised  by  a  uniform  suc- 
cession of  exactly  similar  events  producing  erratic  dispersion.  There 
might  be  particular  portions  of  that  period  in  which  accidental  cir- 
cumstances produced  a  greater  or  less  prevalence  of  each  particular 
mode  of  transport ;  but  I  am  satisfied  that  some  of  the  attempts 
which  have  been  made  to  subdivide  the  glacial  period  have  been  mads 
without  due  regard  to  such  considerations  as  those  which  I  have 
given  above. 

Let  us  now  turn  again  to  the  drift  of  North  America.  Tne  Ameri- 
can geologists  appear  for  the  most  part  to  recognise  three  distinct 
periods  into  which  the  whole  period  of  the  drift  may  be  divided* 
The  first  period  was  one  of  the  transport  of  blocks  and  coarse  ma- 
terials ;  the  second,  one  of  tranquil  deposition ;  and  the  third  was 
again  a  period  of  transport  of  large  blocks  and  coarser  matter.  This 
generalisation  appears  to  have  been  principally  founded  on  the  cha- 
racters of  the  drift  of  Lake  Champlain  and  that  of  the  general  valley 
of  the  St.  Lawrence,  where  the  beds  of  the  second  period  not  only 
consist,  in  great  part,  of  finer  matter,  but  are  also,  in  many  instances, 
distinctly  stratified,  and  filled  with  organic  remains.  But  before  we 
can  adopt  these  subdivisions  of  the  general  period  with  reference  to 
so  many  distinct  modes  of  action  of  the  transporting  agencies,  or  of 
the  different  degrees  of  intensity  with  which  they  acted,  it  will  be 
necessary  to  prove  the  above-mentioned  succession  of  beds  to  be 
general  and  not  merely  local.  If  local,  I  should  be  disposed  to  refer 
the  tranquil  deposition  of  the  fossiliferous  and  associated  beds,  partly 
at  least,  to  the  condition  of  a  deeper  submergence  than  at  the  periods 
of  the  transport  of  the  coarser  beds  and  blocks  above  and  below  the 
finer  beds.  I  see  no  reason  in  local  facts  of  this  kind  to  infer  that 
there  were  three  distinct  periods  with  reference  to  the  intensity  or 
mode  of  action  of  the  dispersing  forces.  I  may  here  observe  that 
Dr.  Bigsby  detected  no  evidence  of  this  subdivision  of  the  drift  in  the 
region  which  he  examined  further  to  the  west. 

Some  of  the  American  geologists  appear  to  have  entertained  the 
opinion  that  the  Mastodon  existed  in  that  region  after  the  latest 
period  of  the  Drift,  and  seem  to  refer  its  final  destruction  to  some 
upheaval  of  the  American  continent.  It  may  be  doubted,  however, 
whether  any  evidence  has  been  offered  of  the  existence  of  that  animal 
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litter  than  the  latest  drift  in  which  its  remains  are  found ;  nor  do  I 
understand  how  the  cause  just  assigned  could  effect  its  final  extinc* 
tion.  If,  however,  we  admit  the  submergence  of  that  continent  to 
the  extent  which  many  geologists  are  now  disposed  to  admit,  there 
can  he  no  difficulty  in  explaining  the  extinction  of  any  of  the  great 
pachyderms  which  might  have  previously  inhabited  that  region. 

Without  dwelling  further  on  the  characters  of  the  Drift  of  this  re- 
gion, or  on  the  minor  details  of  the  general  phenomena  of  accumula- 
tions of  drifted  materials,  I  will  proceed  to  give  a  short  analysis  of  Dr. 
Bigsby's  paper,  to  which  I  have  already  alluded,  "  On  the  Erratics 
of  Canada."  It  is  composed  from  notes  made  by  the  author  several 
years  ago,  a  circumstance  to  which  the  want  of  more  frequent  ob- 
servations on  polished  and  striated  rocks  must  be  attributed.  The 
importance  of  those  phcenomena  was  not  then  recognized.  The  author, 
however,  has  been  enabled  by  his  general  knowledge  of  the  physical 
geography  and  geological  structure  of  this  region,  and  by  a  careful 
observation  of  the  erratic  materials,  to  make  valuable  additions  to 
our  previous  knowledge  of  the  Drift,  derived  from  American  geolo- 
gists. His  observations  extend  much  farther  to  the  north  and  west 
man  those  of  the  latter  observers,  as  is  best  seen  by  a  glance  at  the 
map  which  accompanies  the  memoir. 

The  author  commences  his  observations  at  the  Lake  of  the  Woods 
lying  to  the  north-west  of  Lake  Superior.  He  then  proceeds  east- 
ward successively  to  the  lakes  La  Pluie,  Superior,  Huron,  Erie,  and 
Ontario,  describing  the  rock-formations  and  the  blocks,  and  other 
detritus  which  line  their  shores,  and  the  banks  of  the  streams  con- 
necting them.  The  water  from  Lake  La  Pluie  runs  westward  and  ul- 
timately discharges  itself  into  the  Arctic  Sea,  while  that  from  Lake 
Superior  runs  eastward  to  the  Atlantic.  The  watershed  between 
them  rises  to  the  height  of  about  1200  feet  above 'the  sea-level.  In 
this  tract  are  numbers  of  large  erratics,  which  Dr.  Bigsbv  was  gene- 
rally able  to  identify  with  rocks  existing  tit  situ  to  the  north,  but  never 
on  the  south. 

Lake  Superior  is  about  600  feet  above  the  level  of  the  sea.  On  its 
northern  shore  are  a  considerable  number  of  erratic  blocks  which  have 
come  from  north  and  north-east.  Such  is  the  case  also  with  the  nu- 
merous large  blocks  on  the  banks  of  the  St.  Mary  River  which  con- 
nects Lake  Superior  and  Lake  Huron.  On  the  banks  of  Lake  Su- 
perior are  many  terraces  consisting  of  detrital  matter  derived  for  the 
most  part  from  neighbouring  rocks. ,  The  most  important  of  these 
is  that  about  the  mouth  of  Black  River,  and  rises  to  the  height  of 
330  feet  above  the  lake,  extending  far  along  the  banks  of  the  lake, 
and  intervening  between  the  neighbouring  hills  for  several  miles  to 
the  foot  of  an  elevated  range.  Its  mass  consists  of  coarse  unstratified 
native  detritus  imbedded  in  sand.  Assuming  the  sea  to  have  risen 
Above  this  level  during  the  glacial  period,  the  masses  now  forming  ter- 
races of  this  kind  must  be  considered  as  submarine  deposits  formed 
under  comparatively  tranquil  conditions,  the  present  lake-basins  having 
been  scooped  out  of  them  by  denuding  agents  during  or  after  their 
emergence  from  beneath  the  surface  of  the  ocean. 
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Some  islands  on  the  north  coast  of  this  lake  are  described  as  stri- 
kingly moutonnSe. 

On  Lake  Huron  the  erratics  abound,  especially  on  the  north  aide, 
where  the  hard  rocks  are  much  striated  and  rounded.  We  need  not 
wonder  that  in  1824,  their  appearances  were  great  mysteries  to  the 
author.  It  appears  singular  tnat  there  should  be  no  terraces  in  this 
lake  (so  far  as  the  author's  observation  extended),  while  there  are  so 
many  in  Lake  Superior.  The  difference  of  level  of  the  two  lakes 
is  only  about  20  feet.  This  shows  an  irregularity  either  in  the  pro- 
cess of  deposition  or  cf  subsequent  denudation,  which  would  seem 
to  indicate  an  action  far  less  gradual  and  uniform  than  ordinary  diur- 
nal action. 

On  the  east  of  Lake  Huron,  near  to  Lake  Simcoe,  the  river  Nota- 
wasaga  cuts  through  two  remarkable  freshwater  beds  filled  with 
Uniones  associated  with  many  small  freshwater  univalves,  as  PU~ 
norbes,  Physa,  Lymnaa,  Melania,  Paludina,  &c.,  all  abundant  in 
the  river  at  the  present  day.  There  are  two  of  these  beds,  each 
from  4  to  6  inches  thick,  and  above  are  stratified  beds  of  which  ihe 
whole  thickness  in  some  places  is  not  less  than  150  feet. 

Lake  Erie  is  situated  in  the  lowest  part  of  the  extensive  tract  sooth 
of  Lake  Huron.  This  tract  is  formed  of  widely-extended  beds  of  bine 
and  red  clays  with  superincumbent  beds  of  sand,  which  form  the  shores 
of  Lake  Erie,  forming  banks  and  scarps  of  considerable  elevation 
throughout  a  distance,  on  the  north  shore,  of  nearly  300  mike.  The 
erratics  are  principally  from  Lake  Huron.  The  more  level  as  well 
as  the  more  distant  erratics  appear  in  all  the  lakes  to  have  tra- 
velled more  or  less  in  a  southerly  direction,  indicating  clearly  the  wide 
generality  of  the  principal  cause  to  which  the  whole  transport  is  re- 
ferable. 

Lake  Ontario  is  about  330  feet  below  the  level  of  Lake  Erie,  the 
Falls  of  Niagara,  it  will  be  recollected,  being  between  the  two  lakes. 
Several  lofty  ridges  or  terraces  wander  round  this  lake  at  different  di- 
stances, leaving  a  wide  opening  for  the  escape  of  its  waters  at  its  north- 
eastern extremity.  The  shores  of  the  lake  are,  in  many  parts,  formed 
of  cliffs,  sometimes  300  feet  high  (as  near  Toronto),  of  detrital  matter, 
in  some  cases  coarse,  in  others  finer  and  stratified,  and  frequently  con- 
taining erratic  boulders.  Many  large  erratics  also  exist  on  the  sur- 
face. 

In  discussing  these  different  phsenomena,  the  author  divides  the 
whole  detrital  mass  into  loot  dctritu*,  and  imbedded  detritus.  The 
former  he  again  subdivides  into 

1 .  Distant  Erratics ; 

2.  Near  or  Lake  Erratics ; 

3.  Native  Debris. 

The  prevalent  courses  of  the  distant  erratics  are  southerly,  but,  at 
is  seen  dv  the  appended  map,  they  vary  from  south-east  to  south-west. 
I  have  already  stated,  that  in  the  north  of  Europe  blocks  setting  out 
from  a  given  point  do  not  all  proceed  in  the  same  direction,  but  that 
the  angle  included  between  the  extreme  directions  of  radiation  is  a 
considerable  one,  sometimes  even  larger  than  a  right  angle*,  Hie  va- 
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nation  of  direction  above-mentioned  may  probably  indicate  a  similar 
law  of  divergency  from  the  original  sites  of  the  blocks.  In  one  instance 
in  particular  Dr.  Bigsby  has  shown  this  to  be  the  case.  He  was  able 
to  trace  the  well-marked  augitic  trap  of  Montreal  up  the  St.  Lawrence 
to  a  point  on  the  south  shore  of  Lake  Ontario,  distant  270  miles  from 
Montreal  to  the  south-west.  At  the  same  time  this  rock  had.  been 
carried  southward  to  the  tract  about  Lake  Champlain,  in  much  greater 
quantity.  The  angle  between  the  extreme  lines  of  radiation  from  this 
point  must  be  at  least  50°. 

The  distant  erratics  are  not  uniformly  spread  over  the  area  of  the 
Drift,  there  being  in  some  places  comparatively  few.  They  are  ge- 
nerally abundant  in  the  higher  localities,  such  as  the  top  of  Cape 
Tourment,  Lower  Canada,  2100  feet  above  the  sea;  on  the  summit 
of  Montreal  Hill,  and  on  the  high  mainland  north  of  Lake  Superior. 
But  they  exist  in  the  greatest  number  along  the  courses  of  most  of  the 
Canadian  rivers  at  all  the  points  where  the  configuration  of  the  land 
is  such  as  to  oppose  the  greatest  impediments  to  their  transport  along 
the  river-valleys.  This  clearly  indicates  the  operation  of  strong  cur- 
rents and  floating  river-ice  in  again  transporting  such  blocks  from  the 
places  in  which  they  were  first  deposited  by  some  more  general 
agency. 

The  near  or  Lake  erratics  may  be  due  in  a  considerable  degree  to 
existing  causes,  and  not  unfrequently  radiate  from  the  parent  rock  in 
different  directions.  In  other  cases,  however,  their  prevalent  southerly 
direction  of  transport  and  their  numbers  indicate  the  action  of  some  more 
general  and  energetic  cause.  In  the  Lake  of  the  Woods,  for  instance, 
the  author  remarks  that,  though  the  current  is  from  south  to  north, 
it  brings  none  of  the  loose  masses  of  limestone  at  the  south  end  of  the 
lake  to  the  shores  of  the  northern  end ;  while  innumerable  blocks  from 
the  latter  end  of  the  lake  have  been  carried  to  its  southern  extremity. 
The  author  also  remarked  several  piles  of  angular  blocks  which  he 
conceives  to  be  due  to  recent  action,  having  been  probably  left  there 
on  shallows  on  which  floating  ice  had  stranded  during  the  spring- 
freshets. 

The  author  describes  the  Canadas  and  the  northern  and  western 
parts  of  the  United  States  as  characterized  by  terraces  and  ridges 
which  form  a  prominent  feature  in  the  configuration  of  the  surface. 
They  fringe  the  hills  and  define  the  hollow  spaces,  and  in  the  more 
open  country  stretch  out  into  elevated  plains  or  low  and  swampy 
surfaces.  They  are  generally  formed  of  native  gritty  debris,  but  also 
contain  foreign  materials.  The  deposition  of  this  general  detrital  mass 
is  obviously  referable  to  the  perioa  of  submersion  of  this  region,  and 
the  formation  of  the  terraces  to  the  denudation  which  accompanied 
the  subsequent  rise  of  the  land.  These  effects  of  denudation  natu- 
rally lead  to  the  idea  that  the  osars  of  Sweden  and  the  eskers  of  Ire* 
land  may  probably  be  due  to  a  similar  cause. 

In  connexion  with  these  beds  it  is  important  to  state  that  Dr.  Bigsby 
was  unable  to  recognize  any  indication  of  two  distinct  erratic  periods, 
separated  by  a  period  of  repose,  which  I  have  already  spoken  of  as 
the  opinion  of  some  American  geologists.   This  appears  to  justify 
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the  idea  which  I  have  above  suggested,  that  the  phenomena  on  which 
such  an  opinion  has  been  founded  are  only  local. 

Finally,  the  author  states  the  localities  of  the  freshwater  beds  which 
had  been  observed  by  himself  and  others.  There  are  beds  of  this 
kind  on  the  east  shore  of  Lake  Huron  614  feet  above  the  sea,  and 
others  on  the  River  Detroit,  Lake  Erie,  and  the  River  Niagara,  at 
nearly  the  same  elevation.  On  the  Ottawa  are  many  deposits  of 
freshwater  shells  extending  over  a  large  area.  Beds  containing  ma- 
rine shells  also  range  with  them  side  by  side.  In  Montreal  Hill 
there  are  also  marine  shells  470  feet  above  the  sea,  while  about  a 
mile  to  the  south  there  are  freshwater  beds  at  a  level  lower  by  some 
hundred  feet. 

The  general  explanation  of  phcenomena  of  this  kind  does  not  ap- 
pear to  me  to  present  any  serious  difficulty,  according  to  the  general 
views  which  I  have  expounded  above.  How  far  the  stria;  and  the 
lines  of  dispersion  may  be  generally  characterised  by  the  law  of 
divergency  from  a  general  central  region,  or  may  be  more  partially 
characterized  by  divergency  from  particular  centres,  especially  in  the 
more  northern  parts  of  the  continent,  are  questions  which  can  only 
be  answered  by  a  far  more  detailed  examination  of  the  region  lying  to 
the  north  of  the  great  chain  of  lakes.  Meanwhile  we  gladly  accept 
this  paper  of  Dr.  Bigsby*s  as  a  valuable  addition  to  our  knowledge 
of  the  details  of  the  erratic  phenomena  of  the  district  which  he  has 
examined. 

Another  paper  on  the  subject  of  Drift  and  Boulders  associated  with 
it  has  been  brought  before  us  by  Professor  Ramsay.  It  is  entitled, 
"  On  the  Sequence  of  Events  during  the  Glacial  Epoch,  as  evinced  by 
the  Superficial  Accumulations  of  North  Wales."  It  will  be  recollected 
that  many  years  ago  Mr.  Trimmer  made  the  important  discovery  of 
marine  shells  in  the  Drift  of  Moel  Try  fan  at  the  height  of  1392  feet. 
These  beds  Professor  Ramsay  states  to  be  continuous  on  the  seaward 
side  of  the  mountain-range  of  Carnarvonshire.  Between  Cwm  Seiont 
and  Iiyn  Padarn,  there  is  a  moorland  tract  covered  with  drift  in  which 
the  author  found  fragments  of  shells  at  the  height  of  about  1000  feet. 
Between  Llanberris  and  Nant-Francou  there  is  also  a  broad  moor 
covered  with  a  great  thickness  of  drift,  stretching  northwards  along 
the  left  bank  of  the  Ogwen,  and  eastward  into  the  valley  of  Marchlyn 
Mawr,  where  it  attains  an  elevation  of  2000  feet.  Corresponding 
accumulations  also  rise  on  the  opposite  banks  of  the  Ogwen  into  the 
recesses  of  Carnedd  Dafy  and  Carnedd  Llewelyn,  on  their  seaward 
flanks,  in  some  places  to  the  elevation  of  2300  feet.  Patches  of 
similar  drift  also  exist  at  equal  altitudes  at  other  points  along  this 
range  of  mountains.  The  large  blocks  rest  upon  or  are  imbedded  in 
the  smaller  drift,  and  form,  near  the  base  of  the  mountains,  a  treat 
portion  of  the  whole  accumulated  mass.  They  do  not  appear,  now* 
ever,  to  have  travelled  from  this  range  into  Anglesea,  where,  so  far 
as  the  author  observed,  the  blocks  are  entirely  of  local  origin.  Very 
large  insulated  boulders  are  sometimes  found  also  on  the  tops  or  sides 
ofhills. 

Those  portions  of  what  is  here  described  as  Drift  in  the  higher  lo- 
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calities,  so  far  as  they  hare  been  previously  observed,  have  usually 
been  regarded  as  moraines ;  but  Professor  Ramsay  considers,  and  it 
appears  to  me  with  great  reason,  that  the  continuity  of  the  whole 
accumulated  mass  with  the  shell-bearing  portions  of  it  constitutes  a 
strong  argument  in  favour  of  its  entire  submarine  origin.  This  view 
appears  also  to  be  confirmed  by  the  existence  of  large  blocks,  which 
have  travelled  considerable  distances,  now  resting  on  the  tops  or  sides 
of  mountains,  as  above  stated,  at  the  altitude  of  2000  feet.  We  shall 
most  of  us  probably  agree  entirely  with  the  author  in  the  validity  of 
this  reasoning. 

Professor  Ramsay  also  recognizes  moraines  at  considerable  eleva- 
tions above  the  sea,  but  much  lower  than  the  greatest  height  to 
which  the  Drift  attains.  Coupling  this  fact  with  the  conclusion  of 
the  preceding  paragraph,  he  expresses  his  belief  that  there  must 
have  been  two  glacial  epochs  in  this  region,  the  first  preceding  the 
deposition  of  the  Drift ;  the  second,  posterior  to  that  deposition,  pro* 
during  glaciers  on  a  much  smaller  scale.  "  For,"  says  the  author,  "  if 
the  loose  moraines  of  Cwm  Idwal"  (which  he  has  previously  described) 
"  had  been  formed  during  the  great  glacier  period,  they  would  either, 
in  all  probability,  have  been  destroyed  during  the  depression  and  re* 
elevation  of  the  land  which  followed  that  period,  or  they  would  have 
been  covered  over  and  smothered  in  the  succeeding  drift." 

This  reasoning  will  not  perhaps  be  deemed  equally  satisfactory 
with  that  by  which  the  author  establishes  his  conclusion  respecting 
the  depth  to  which  the  land  of  this  region  was  submerged  dunng  the 
period  of  the  Drift ;  but  I  am  still  disposed  to  think  his  conclusion 
to  be  so  far  correct,  that  these  moraines  (assuming  them  to  be  such) 
were  formed  after  the  re-elevation  of  the  land  from  its  lowest  position 
of  submergence.  I  cannot,  however,  agree  with  the  author  in  ad* 
mitting  the  evidence  of  two  distinct  glacier-periods.  He  would 
ascribe  the  glaciers  of  his  first  period  to  an  enormous  elevation  of  the 
whole  region,  and  those  of  his  second  period  to  some  peculiar  con- 
ditions after  the  intervening  submergence.  I  must  of  course  feel 
myself  bound,  in  consistency  with  what  I  have  recently  brought  before 
you  on  the  possible  causes  of  changes  of  climatal  conditions,  to  express 
my  dissent  from  any  theory  that  should  assign  a  great  elevation  to 
Western  Europe  as  an  essential  condition  for  the  former  existence  of 
glaciers  there.  Their  existence  in  Wales,  both  before  and  after  the 
actual  transport  of  those  accumulations  properly  termed  Drift,  is  just 
as  well  accounted  for  independently  of  any  great  upheaval  of  this 
region,  and  without  the  hypothesis  of  a  discontinuity  in  the  glacier- 
period.  We  have  only  to  suppose  glaciers  to  have  first  resulted  from 
the  cold  caused  by  the  diversion  of  the  Gulf-stream  into  some  other 
channel,  and  the  submergence  of  a  great  portion  of  Europe  ;  then  a 
deeper  submergence  which  left  not  more  perhaps  than  one-third  of 
Snowdon  extant  above  the  waters  ;  and  finally  an  emergence  of  the 
land  to  an  elevation  which  should  allow  of  glaciers  descending  to  the 
points  where  the  above-mentioned  moraines  are  now  observed.  The 
depression  of  the  land  might  be  such  as  to  bring  the  tops  of  the  par- 
ticular mountains  we  are  now  speaking  of  below  the  snow-line,  and 
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consequently  to  prevent  the  formation  of  glaciers  upon  them ;  hot 
there  is  nothing  in  the  facts  observed  to  justify  this  conclusion  as  a 
necessary  one.  And  even  if  it  were  so,  a  merely  local  circumstance 
of  this  kind  could  scarcely  justify  the  notion  of  two  distinct  glacier- 
periods  without  a  guarded  limitation  of  the  expression  as  one  of 
merely  local  signification.  I  throw  out  this  caution  lest  the  language 
of  the  author  should  lead  to  interpretations  more  general  than  the 
observed  facts  might  justify,  or  than  the  author  himself  may  possibly 
have  intended.  The  facts  described  in  this  paper  have  been  reviewed 
and  confirmed,  I  believe,  since  it  was  read,  and,  as  proceeding  from 
so  able  an  observer  as  Professor  Ramsay,  have  been  thought  far  too 
important  to  be  omitted  in  this  discussion,  although  they  have  not  yet 
appeared  in  a  printed  form. 

There  is  another  class  of  superficial  deposits,  entirely  different  from 
those  of  which  I  have  hitherto  been  speaking,  and  to  which  Mr. 
Austen  has  especially  directed  our  attention  *, — I  mean  the  sub- 
aerial  accumulations  formed  by  the  descent  of  disintegrated  portions 
of  rock  which  fall  from  the  higher  parts  of  the  steep  escarpment  of  a 
cliff  or  mountain,  and  collect  at  its  bottom  or  along  its  face.  Super- 
ficial portions  of  rock-masses,  disintegrated  in  situ,  may  frequently 
also  be  associated  with  the  accumulations  just  spoken  of,  the  only 
difference  being  that,  in  the  one  case,  the  disintegration  takes  place 
in  localities  from  which  the  disintegrated  masses  necessarily  mil  by 
their  own  weight,  or  by  the  action  of  the  elements ;  and  in  the  other 
case,  those  causes  are  not  sufficient  to  detach  them  from  their  original 
positions.  Mr.  Austen  has  not  only  described  the  beds  which  he 
considers  to  belong  to  this  class  on  the  coast  of  the  English  Channel, 
but  he  also  makes  them  subservient  to  the  deterniinatkm  of  the  oscil- 
lations of  level  which  he  considers  to  have  taken  place  along  that  and 
the  adjoining  coasts. 

The  last  coast-line  antecedent  to  the  existing  one,  as  recognised  by 
the  author,  is  about  8  or  10  feet  higher  than  the  latter.  The 
next  line,  in  backward  order  of  time,  is  about  twice  as  high  as  the 
first  above  the  present  level,  estimating  them  all  as  high-water  levels. 
These  two  ancient  sea-lines,  therefore,  indicate  two  successive  efetw- 
tians  of  the  land  of  about  the  same  amount.    A  third  sea-line  is 

r'n  recognised  at  nearly  the  same  elevation  as  the  first  of  the  two 
re-mentioned.    Taking  the  events  in  the  reverse  of  the  above 
order,  or  the  proper  order  of  time,  we  have 

(I.)  A  sea-beach,  when  the  land  was  lower  than  at  present,  by  a 
variable  amount  in  different  places,  sometimes  amounting  to  60  or 
70  feet.  This  is  indicated  by  a  marine  bed  which  was  formed  at  that 
level. 

J 2.)  A  subaerial  bed  of  shingle  was  then  formed  over  this  marine 
,  by  the  disintegration  and  fall  of  the  rocks  immediately  above  it. 

J 3.)  The  land  was  depressed  about  8  or  10  feet,  and  a  thin  marine 
was  formed  on  the  subaerial  bed  of  shingle. 
(4.)  The  land  was  elevated  into  a  position  a  little  higher  than  that 

*  Quarterly  Journal,  May  1851,  p.  118,  "  On  the  Sapertdal  Accnaifatfa-  af 
the  Coasts  of  U»  Bnghth  Channel,  and  the  changes  they  indicate." 
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it  first  occupied,  leaving  more  or  less  of  a  platform  at  that  elevation, 
bounded  by  a  cliff  of  the  aerial  bed  of  shingle. 

(5.)  The  land  was  elevated  to  its  present  position. 

The  marine  bed  mentioned  in  (1)  consists  of  coarse  marine  gravels, 
shingle,  and  sand.  The  author  recognizes  it  on  many  parts  of  the 
coast  of  Devon  and  Cornwall,  and  also  considers  the  lower  sand  and 
shingle  extending  from  Brighton  to  Rottingdean,  as  belonging  to  it. 
He  also  traces  evidences  of  the  other  two  beds  at  various  points  of 
the  south  coast  of  this  country,  and  of  the  Channel  Islands. 

In  developing  his  theoretical  views,  founded  on  the  facts  above 
stated,  the  author  assumes  the  deposition  of  the  oldest  of  the  marine 
beds  above  mentioned  as  contemporaneous  with  that  of  the  Norwich 
or  Mammaliferous  Crag.  After  this  came  the  aggregation  of  the 
superincumbent  bed  of  shingle  above  described  as  subaerial.  But 
for  the  disintegration  in  which  he  conceives  this  aggregation  to  have 
originated,  he  considers  a  much  greater  intensity  of  cold  to  be  neces- 
sary than  could  consist  with  the  present  position  of  the  land,  and  is 
hence  led  to  the  opinion  that  those  districts  where  the  above  beds 
exist  must  at  the  time  of  their  formation  have  had  "  an  elevation  of 
great  amount,  such  at  would  place  the  whole  of  the  higher  portions 
of  this  country  in  regions  of  excessive  cold."  The  author  also  states 
that  "  his  view  is  quite  distinct  from  the  popular  one,  subsequently 
proposed  by  M.  Agassiz,  of  a  '  period  of  cold '  or  '  glacial  period.' " 
what  relation  he  supposes  it  to  have  borne  to  that  period  he  does  not, 
I  think,  distinctly  explain.  All  the  minor  details  of  his  views  depend 
on  the  conclusions  that  the  shingle-bed  is  subaerial,  and  that  it  could 
only  be  produced  by  a  great  elevation  of  the  land  above  its  present 
level. 

The  masses  of  sharp  shingly  stones  described  by  Mr.  Austen,  and 
their  local  character,  entirely  agree  with  his  opinion  as  to  their  ori- 
gin; but  it  should  be  borne  in  mind  that  they  might  have  these 
characters  without  being  subaerial.  An  example  will  be  found  in  a 
paper  of  which  I  shall  have  shortly  to  speak,  by  Mr.  Prestwich,  of  an 
aggregation  very  similar  to  the  above-mentioned  beds  so  far  as  regards 
the  character  of  its  materials,  but  of  which  the  origin  is  unquestion- 
ably subaqueous.  The  first  "manifest  test  to  be  applied  to  such  beds 
to  determine  whether  they  are  subaerial,  is  to  compare  the  distance 
to  which  they  extend  from  the  foot  of  the  cliff  or  hill  from  which 
they  may  have  fallen,  with  the  height  of  the  cliff  or  hill  itself.  If 
that  distance  should  exceed  two  or  three  times  the  height  of  the  cliff, 
it  would  be,  I  conceive,  extremely  improbable  that  the  general  mass 
could  have  been  aggregated  from  the  falling  of  disintegrated  materials 
by  their  own  weight.  No  intensity  of  the  disintegrating  power  could 
meet  this  difficulty.  Mr.  Austen  has  not  given  us  the  means  of  ap- 
plying this  test ;  but  I  am  sure  that  he  will  feel  that  geologists  have 
a  right  to  demand  it  before  they  adopt  his  conclusions  on  this  point 
as  the  foundation  of  the  further  theoretical  views  which  he  has  made 
to  rest  almost  entirely  upon  them.  I  allude  to  his  assumed  enor- 
mous elevation,  at  a  former  though  recent  geological  epoch,  of  the 
regions  in  which  these  beds  are  found,  and  of  which  their  existence 
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is  alleged  as  the  principal  proof.  To  many  geologists  the  founda- 
tion will  possibly  appear  small  for  the  superstructure  raised  upon  it. 

Mr.  Austen  has  not  stated  the  height  to  which  he  supposes  the 
south  coast  of  this  country  to  have  been  elevated  during  his  cold 
period,  but  he  appears,  I  think,  to  intimate  by  a  reference  to  the 
soundings  of  200  fathoms'  which  are  found  at  no  great  distance  in 
the  Atlantic,  that  an  elevation  not  much  exceeding  that  amount  might 
give  us  in  this  country  a  permanent  snow-line.  I  hare  shown,  bow* 
ever,  in  a  memoir  lately  read,  that  a  very  much  greater  elevation 
would  be  necessary  for  tnat  purpose,  and  I  have  there  fully  explained 
my  reasons  for  believing  that  the  cold  of  the  Pleistocene  period  was 
not  produced  by  an  elevation  of  the  land,  but  by  entirely  different 
causes.  The  author,  therefore,  will  not  be  surprised  to  find  me  un* 
prepared  to  accept  many  of  the  theoretical  views  put  forward  in  this 
paper,  and  for  which  I  must  refer  you  to  the  paper  itself.  The 
questions  arising  from  changes  of  climatal  conditions,  and  the  physi- 
cal causes  of  those  changes,  are  of  great  difficulty,  and,  however  im- 
perfectly I  may  have  discussed  the  subject  myself,  I  have  shown  at 
least  that  there  are  many  essential  considerations  connected  with  it, 
to  which  the  author  of  the  present  paper  makes  no  allusion.  At  the 
same  time  the  facts  brought  forward  are  entitled  to  the  same  con- 
sideration as  other  facts,  so  far  as  they  bear  upon  the  subject ;  and 
for  the  careful  observation  and  arrangement  of  those  facts,  we  must 
all  feel  our  obligation  to  Mr.  Austen. 

I  have  already  alluded  to  an  accumulation  of  angular  ™f»Trifflt 
observed  by  Mr.  Prestwich,  and  very  similar  in  character  to  those 
described  by  Mr.  Austen.  It  is  described  in  his  paper  "On  the 
Drift  of  Sangatte  Cliffs  near  Calais."  It  resembles  also  the  similar 
accumulation  at  Brighton,  described  long  since  by  Dr.  Man  tell.  The 
whole  mass  abuts  against  an  old  chalk  cuff  SO  feet  high,  rising  to  the 
same  height  on  the  face  of  the  cliff,  and  thinning  off  in  receding  from 
it.  The  lowest  part  consists  of  a  bed  of  rolled  water-worn  flints, 
marking  the  former  existence  of  a  sea-beach  exactly  analogous  to  that 
at  Brighton  beneath  the  Elephant-bed.  The  mass  immediately 
superincumbent  on  this  bed  consists  of  a  coarse  mixture  of  sand,  day, 
and  chalk,  containing  a  few  unrolled  flints,  and  some  irregular  patches) 
and  layers  of  flint-gravel.  The  whole  of  this  part  of  the  mass  is  about 
50  or  60  feet  thick,  and  above  it,  but  without  any  distinct  separation, 
is  a  mass  of  angular  flint-gravel,  20  or  25  feet  in  thickness.  It  con- 
tains also  a  small  quantity  of  materials  derived  from  the  ruins  of  the 
former  tertiary  strata  of  the  district.  The  whole  appears  to  be  chiefly 
of  local  origin. 

The  author  considers  this  accumulation  of  Drift  to  have  been  com- 
paratively rapid  and  tumultuous,  nor  can  I  recognise  the  riightrrt 
ground  of  dissent  from  this  opinion.  The  distance  to  which  the  mess 
extends  from  the  old  chalk  cliff  against  which  it  abuts,  excludes  the 
]>ossibility  of  its  being  referred  to  the  cause  to  which  Mr.  Austen,  as 
already  stated,  refers  certain  smaller  accumulations  of  similar  mate- 
rials on  the  south  coast  of  this  country.  The  analogy  between  this 
case  and  that  of  the  Elephant-bed  and  subjacent  pehble-bedat  Brigh- 
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ton,  appears  to  be  perfect,  with  the  exception  that  no  organic  remains 
have  yet  been  detected  in  Drift  of  Sangatte. 

I  have  now  to  direct  your  attention  to  an  elaborate  paper,  "  On  the 
Distribution  of  the  Flint  Drift  of  the  South-east  of  England,"  by  Sir 
Roderick  Murchison. 

In  the  first  place  the  author  makes  the  important  remark,  that  the 
central  ridge  of  the  district,  consisting  principally  of  Hastings  Sands, 
is  entirely  devoid  of  drift,  and  of  the  remains  of  the  great  land  ani- 
mals which  are  found  in  it  in  other  localities.  On  the  southern  side 
of  the  ridge,  on  the  contrary,  the  Weald  Clay  and  Lower  Greensand 
are  frequently  covered  with  Flint  Drift,  extending  from  Petersfield 
eastward  to  the  coast ;  forming  a  continuous  layer  over  considerable 
surfaces,  but  in  others  more  or  less  interrupted.  It  is  also  to  be  re- 
marked, as  a  curious  circumstance,  that  this  Drift  does  not,  unless  in 
a  few  insulated  patches,  extend  over  the  Gault,  Upper  Greensand, 
and  Lower  Chalk,  to  the  foot  of  the  Chalk-escarpment.  Westward 
it  can  be  traced  to  the  confluence  of  the  North  and  South  Downs, 
near  East  Meon  on  the  west  of  Petersfield.  At  that  extremity  it 
consists  of  flints,  but  more  eastward  about  Trotton  Common,  hard 
pieces  of  Iron-stone  and  Chert,  from  the  Lower  Greensand,  are  added 
to  it.  The  flints  are  splintered,  sharp,  and  unworn.  As  we  ap- 
proach the  eastern  extremity  of  this  zone  of  Drift  near  Eastbourne,  it 
contains  a  large  quantity  of  loam  and  clay.  It  is  in  these  portions 
of  the  mass  that  the  remains  of  extinct  mammalia  are  principally 
found.  The  greatest  height  to  which  the  Drift  here  attains  is  on 
Rogate  Common  about  500  feet  above  the  sea. 

The  author  considers  the  flints  of  this  mass  to  have  been  derived 
from  the  Chalk,  west  of  Petersfield,  from  whence  they  have  been 
carried  eastward  by  a  powerful  current,  the  tract  having  been  pre- 
viously submerged  to  the  required  depth  beneath  the  sea.  He  thinks 
they  cannot  have  been  derived  from  the  parallel  Chalk-escarpment 
of  the  South  Downs,  on  account  of  their  absence  in  the  intervening 
zone  of  Gault  and  Upper  Greensand.  Admitting,  however,  the 
easterly  course  of  the  transporting  current,  it  would  seem  still  very 
difficult  to  understand  why  the  flints  should  not  have  been  spread  by 
it  over  the  Gault  in  the  lower  part  of  the  valley  along  the  foot  of  the 
Chalk-escarpmen  t,  which  must  have  directed  the  course  of  the  current. 
It  would  seem  to  me  more  probable  that  the  lower  zone  along  the 
Gault  might  be  left  under  water  while  the  higher  zone  of  the  Lower 
Greensand  along  which  the  Flint  Drift  is  now  distributed  was,  soon 
after  the  deposition  of  the  Drift,  elevated  into  dry  land.  In  such 
case  the  ordinary  denuding  action  of  the  sea,  aided  probably  by  cur- 
rents of  elevation,  might  again  denude  the  Gault  of  its  superincum- 
bent Drift.  According  to  this  hypothesis,  it  would  not  be  necessary 
to  adopt  the  author's  notion  that  all  the  flint-debris  has  been  derived 
from  the  Chalk  at  its  western  extremity.  It  may  have  come  in  part 
from  the  neighbouring  escarpment.  But  from  whatever  source  it 
may  have  been  derived,  I  entirely  concur  with  the  author  in  believing 
that  angular  flints,  often  as  sharp  as  gun-flints,  could  not  have  been 
deposited  in  the  state  in  which  we  now  find  them,  by  the  ordinary 
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tidal  and  diurnal  action  of  the  sea.  If  the  form  of  these  sharp  angu- 
lar flints  is  not  to  be  received  as  the  evidence  of  the  action  of  a  trans- 
itory agent,  in  contradistinction  to  that  of  the  ordinary  action  of  the 
sea,  I  know  of  no  evidence  or  reasoning  on  the  subject  worthy  of  oar 
acceptance. 

In  the  author's  discussion  of  the  Drift  phenomena  on  the  southern 
slope  of  the  South  Downs,  the  Elephant  Bed  at  Brighton  occupies,  of 
course,  a  prominent  place.  He  regards  the  bed  of  rounded  shingle, 
subjacent  to  the  bed  of  angular  materials  which  constitutes  the  Ele- 
phant Bed,  as  a  true  ancient  beach,  a  point  on  which  all  geologists,  I 
presume,  are  agreed  ;  but  he  differs  entirely  from  those  who  regard 
the  superincumbent  bed  as  due  to  any  long-continued  action  of  the 
sea,  similar  to  that  which  rouuded  the  pebbles  of  the  bed  beneath. 
In  this  view,  I  cannot  but  consider  him  fully  justified,  by  the  differ- 
ence in  the  character  of  the  materials  forming  these  beds  respectively. 
He  also  equally  disagrees  with  those  who  would  refer  this  bed  of  an- 
gular flints  to  the  cause  to  which  Mr.  Austen  has  directed  our  atten- 
tion, with  reference  to  certain  other  cases,  the  mere  descent  of 
materials  dislodged  from  the  heights  above;  and  for  this  view  he 
assigns  an  adequate  reason  in  the  extent  to  which  this  accumulation 
can  be  traced;  for  as  I  have  already  remarked,  aggregations  so  formed 
cannot  possibly  extend  beyond  a  very  limited  distance  from  the  foot 


In  the  south -western  part  of  the  district,  from  the  slopes  of  Good- 
wood, by  Chichester,  to  the  foot  of  Portsdown  Hill  and  Portsmouth, 
there  is  a  large  mass  of  detrital  matter,  including  clay  and  sand  mixed 
up  with  angular  chalk-flints,  but  in  no  case,  the  author  states,  are 
roUed  pebbles  included  in  it.  Again,  we  find  the  same  angular-flint 
breccia,  only  that  the  proportion  of  flints  is  smaller,  about  Bognor 
and  Little  Hampton.  One  mass,  however,  of  rounded  pebbles  exists 
at  Clapham  Common,  half  a  mile  east  of  Patcham,  but  the  author 
refers  it  to  the  pebble-beds  of  the  plastic  clay. 

Following  the  Chalk-escarpment  on  the  west,  the  author  describes 
it  as  entirely  denuded  of  flints  (as  are  also  the  surfaces  of  the  Upper 
Greensand  and  Gault),  while  considerable  quantities  of  them  are  found 
on  the  Lower  Greensand.  The  distribution  here  is  similar  to  that  of 
the  flint-detritus,  already  described,  along  the  escarpment  of  the  South 
Downs,  and  Sir  Roderick  considers  them  as  probably  derived  from 
the  same  origin  near  Petersfield.  Proceeding  northward,  however,  to 
the  high  central  ridge  of  Lower  Greensand  about  Hind- Head,  the 
flints  entirely  disappear,  until  we  advance  still  farther  northward  to- 
wards Famham  ana  the  escarpment  of  the  Hog's  Back,  where  much 
debris  is  again  found  on  each  side  of  the  River  Wey.  In  this  north- 
western angle  of  the  denuded  district,  the  flints,  broken  and  angular, 
are  spread  out  in  great  quantities,  not  only  on  the  Lower  Greensand, 
but  also  over  the  Gault  on  the  broad  plateau  of  Alice  Holt,  and  extend 
continuously  (as  the  author  believes)  to  the  north  of  Farnham,  over 
the  Tertiary  beds,  and,  on  the  other  hand,  for  three  or  four  miles 
eastward  along  either  bank  of  the  Wey,  where  fossil  mammalia  have 
been  found. 
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Farther  to  the  east,  the  depression  of  Peasemarsh  has  been  filled 
with  detrital  matter,  similar  to  the  above,  according  to  the  author's 
statement,  with  the  exception  of  an  admixture  of  flints  somewhat 
abraded.  He  conceives,  m  opposition  to  the  views  of  Mr.  Austen, 
that  the  gravel  was  not  collected  here  when  Peasemarsh  was  an 
estuary  *,  but  is  referable  to  the  same  general  cause  as  the  flint-gravels 
in  other  localities.  A  similar  depression  occurs  near  Dorking, 
occupied  also  by  Drift,  which  contains,  however,  fewer  flints  and  a 
much  larger  proportion  of  loam.  This  depression  is  opposite  the 
chasm  in  the  Chalk,  through  which  the  river  Mole  makes  its  way,  as 
Peasemarsh  is  opposite  a  similar  chasm  which  makes  a  passage  for  the 
Wey.  In  this  region  also  the  Drift  is  accumulated  at  several  points 
on  the  Weald  Clay.  The  most  remarkable  accumulation  of  this  kind 
is  that  at  Hever,  on  the  verge  of  the  Medway  valley,  at  an  ele- 
vation of  60  or  80  feet  above  the  river.  It  contains  flints,  prin- 
cipally angular,  and  fragments  of  clinkers  and  cherts  of  the  Greensand. 
It  is  about  nine  miles  from  the  nearest  part  of  the  Chalk-escarp- 
ment. The  author  infers  that  the  transporting  currents  must  here 
have  had  directions  from  the  Chalk-escarpment,  since  the  flints,  as  you 
recede  from  them,  become  smaller  and  smaller.  These  currents  must 
therefore  have  had  directions  opposite  to  those  of  the  Darent  and 
Medway. 

At  Dover  and  Folkstone  there  are  cases  of  accumulations  of  Drift 
exactly  analogous  to  that  at  Brighton.  The  author  very  justly  insists 
on  the  importance  of  the  continuity  of  the  Drift  in  these  places,  from 
the  masses  in  the  coombes  and  hollows  to  the  thinner  layers  which 
envelope  the  sides  and  tops  of  the  surrounding  hills.  If  this  con- 
tinuity be  admitted,  I  can  nardly  conceive  the  possibility  of  this  Drift 
being  referable  to  any  agency  of  which  the  mode  of  action  was  very 
different  from  that  to  which  the  author  attributes  it. 

In  the  conclusion  of  this  paper  the  author  has  entered  into  a  some- 
what detailed  development  of  his  views  respecting  the  agencies  by 
which -he  conceives  the  transport  and  deposition  of  the  superficial 
masses  of  detritus  to  have  been  effected.  It  should  be  understood 
that  the  discussion  of  this  question  is  independent  in  a  great  degree 
of  the  general  denudation  of  the  Weald,  which  must  have  been  m  a 
great  measure  completed  before  the  operations  here  considered  took 
place ;  and  the  movements,  supposed  by  the  author  to  have  generated 
transporting  waves,  or  to  have  produced  faults  like  those  which,  accord- 
ing to  Mr.  Austen's  statements,  appear  to  have  disturbed  the  detrital 
masses  about  Peasemarsh,  must  have  been  lone  posterior  to  those  far 
greater  movements  which,  in  conjunction  with  subsequent  denuda- 
tion, gave  to  the  district  its  present  general  configuration.  Assuming 
then  this  antecedent  configuration,  the  first  question  is — What  was 
the  general  position  of  the  district  with  reference  to  the  sea-level  ? 
At  a  period  immediately  antecedent  to  the  Drift  of  which  we  are 
speaking,  this  position  is  clearly  indicated  along  a  part  of  the  southern 
coast,  by  the  ancient  pebble-beach  at  Brighton,  subjacent  to  the 

*  See  Mr.  Austen's  Paper  "  On  the  Gravel  Beds  of  the  Valley  of  the  Wey," 
Quart.  Jonrn.  GeoL  Soc.,  Nov.  1851,  p.  278. 
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elephant-bed,  and  by  the  exactly  corresponding  bed  at  Sangatte,  on 
the  opposite  coast.  At  the  succeeding  period  there  must  have  been 
a  great  depression,  assuming  the  Drift  to  have  been  of  submarine 
origin,  since  it  is  now  found  at  elevations  of  several  hundred  feet 
above  the  sea-level.  And  this  is  in  perfect  accordance  with  the  de- 
pression which  must  have  taken  place,  as  we  believe,  at  the  same 
period  over  a  great  portion  of  northern  and  central  Europe.  It  would 
appear  probable  that  the  central  ridge  of  the  district,  where  the  Drift 
is  stated  to  be  entirely  wanting,  was  extant  above  the  ocean,  and 
possibly  it  might  be  the  only  part  that  was  so.  On  this  point  the 
author  does  not  appear,  I  think,  to  have  been  very  explicit  in  the 
statement  of  bis  views.  He  conceives  the  transport  to  have  been 
effected  by  waves  of  translation,  but  at  the  same  time  he  states  that 
"  there  can  be  little  doubt  in  affirming,  that  neither  during  the  ope- 
rations which  deposited  the  debris,  nor  after  them,  was  the  Weald 
valley  occupied  by  the  waters  of  a  sea,  or  its  transverse  gorges  by 
marine  harrows*/'  Whence  then  came  the  transporting  waves? 
The  author  would  appear  to  have  left  this  question  onen,  and  perhaps 
intentionally.  The  reasons  for  the  opinion  quoted  above  are,  the 
absence  of  marine  remains,  of  rounded  pebbles,  and  of  ancient  beaches. 
These  are  important  facts.  It  is  essential  that  we  examine  carefully 
the  extent  of  the  inferences  which  they  justify. 

The  absence  of  marine  organic  remains  in  a  particular  and  limited 
region  cannot  be  accepted,  f  conceive,  as  a  conclusive  proof  of  that 
region  not  having  been  submersed  beneath  the  sea.  In  fact  we  know 
how  few  and  limited  are  the  localities,  either  in  Europe  or  North 
America,  in  which  the  period  of  the  Drift  has  left  us  recognisable 
marine  organic  remains,  though  their  number  and  distribution  are 
sufficient  to  prove  bevond  doubt  the  submergence  of  those  regions 
during  that  period.  *The  true  inference  from  their  absence,  andirons 
that  of  tranquilly  stratified  sedimentary  beds,  in  a  particular  district, 
would  seem  to  be,  that  during  the  Drift-period,  the  quiet  process  of 
sedimentary  deposition  was  never  allowed  to  proceed  unwterruptedrv 
for  a  sufficient  length  of  time  to  admit  of  an  accumulation  of  such 
sedimentary  beds,  too  large  to  be  swept  away  during  a  succeeding 
period  of  disturbance.  The  author's  inference  that  there  could  have 
been  no  submergence  at  the  period  alluded  to  under  a  sea  of  ordinary 
tranquillity,  appears  to  me  valid  as  against  the  views  which  he  combats ; 
but  his  conclusion  from  the  present  argument,  that  there  could  be 
no  submergence  at  all,  I  conceive  to  be  altogether  untenable. 

Again,  let  us  examine  the  conditions  under  which  we  mifht  expect 
raised  sea-beaches  to  be  left,  in  consequence  of  the  elevation  of  the 
land  and  consequent  retreat  of  the  sea-margin.  Such  old  beaches 
may  present  themselves  as  ledges  or  terraces  encircling  higher 
grounds,  like  the  Parallel  Road*  of  Glenroy,  or  the  frequent  and 
extensive  terraces  of  North  America ;  or  as  mere  beds  of  rounded 
shingle.  Now  let  us  suppose  the  elevation  of  any  coast-line  to  take 
place  instantaneously  :  the  "  raised  beach"  would  doubtless  be  trace- 
able with  almost  perfect  continuity,  by  means  of  both  the  above  cha~ 
*  Quirt.  Joan.  Geol.  $o*>  for  February  18M,  p.M3. 
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raoters  where  the  beach  was  shingly,  or  by  the  ledge  or  terrace  alone, 
in  the  absence  of  shingle.  In  what  cases  then  would  this  terrace-like 
feature  be  obliterated?  In  the  first  place,  if  the  rise  of  the  land 
were  absolutely  continuous  for  a  great  length  of  time,  and  therefore 
extremely  slow,  there  would  be  no  general  cause  for  the  formation  of 
a  terrace  at  all,  for  a  terrace  could  only  result  generally  from  the 
land  remaining  a  long  time  at  the  same  level,  and  then  being  suddenly 
raised  to  another  level.  If  the  rise  of  the  land  were  of  sufficient 
magnitude  to  place  the  raised  beach  above  high-water  mark,  the 
terrace  might  still  be  destroyed  by  the  action  of  the  sea,  provided  the 
land  remained  at  the  new  level  long  enough  for  that  action  to  wear 
away  the  new  beach  sufficiently  to  undermine  the  old  one,  and  thus 
form,  to  a  certain  height,  a  new  face  to  the  cliff  or  higher  land  front- 
ing the  sea.  The  smaller  the  rise  of  the  land,  the  sooner,  of  course, 
would  the  obliteration  take  place. 

This  mode,  however,  of  obliterating  raised  beaches  would  evidently 
be  much  less  effective  in  those  cases  in  which  the  inclination  of  the 
surface  of  the  land  at  the  sea-margin  should  be  small,  than  in  those 
in  which  it  should  be  comparatively  large,  and  the  same  observation 
would  also  apply  to  the  action  of  terrestrial  and  atmospheric  causes.  It 
would  be  difficult,  for  instance,  to  account,  by  means  of  the  causes  alone 
now  mentioned,  for  the  absence  of  all  indications  of  former  beaches 
on  many  of  the  sloping  surfaces  of  the  Wealden,  unless  we  suppose 
the  land,  during  its  last  emergence,  to  have  risen  much  more  con- 
tinuously than  it  appears  to  have  done  along  the  southern  coast ;  and 
even  in  that  case  tne  entire  non-existence  of  rounded  pebbles  in  the 
district  would  still,  as  Sir  R.  Murchison  has  contended,  present  a 
great  difficulty,  unless  we  can  assign  some  more  efficient  cause  for 
their  removal.  Their  formation  would,  I  conceive,  in  many  places 
within  the  Wealden  be  the  necessary  result  of  coast-action. 

The  cause  which  I  consider  as  adequate  both  for  the  removal  of 
all  rounded  pebbles  and  for  the  obliteration  of  terraces,  is  that  dilu- 
vial action  to  which  our  author  refers  the  distribution  of  the  small 
angular  detritus  of  the  district.  This  action  I  conceive  to  be  that  of 
waves  of  translation  (as  Sir  Roderick  also  supposes)  produced  by 
earthquake  movements  frequently  repeated,  while  the  lower  parts  of 
the  district  were  immersed  at  different  depths  beneath  the  surface  of 
the  ocean.  These  movements,  however,  were  quite  distinct  from  those 
which  gave  its  geological  configuration  to  this  region,  being  probably 
referable,  as  already  stated,  to  the  same  period  as  the  smaller  faults 
described  by  Mr.  Austen  in  the  neighbourhood  of  Peasemarsh,  the 
latest  period  at  which  the  district  was  under  water*  The  magnitude 
of  these  movements  need  not  alarm  the  most  timid  geologist.  Assu- 
ming them  to  have  been  frequently  repeated,  it  is  certainly  not  essen- 
tially necessary  to  suppose  them  of  much  greater  intensity  than  that 
of  many  earthquakes  of  modem  times.  It  is  necessary,  however,  to 
suppose  this  to  have  been  the  last  aqueous  agency  effectively  exercised 
in  this  district.  It  can  not,  according  to  this  view,  have  been  followed 
by  any  long-continued  diurnal  action  of  the  sea.  And  this,  I  have 
reason  to  believe,  is  essentially  what  Sir  R.  Murchison  contends  for, 
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though  it  may  scarcely  seem  consistent  with  the  passage  above  quoted 
from  his  memoir,  in  which  he  might  appear  to  exclude  the  water 
which  was  necessary  as  an  agent  of  transport. 

Mr.  Martin  has  published  in  the  Philosophical  Magazine  during 
the  last  year,  an  account  of  the  phenomena  of  elevation  and  denuda- 
tion of  the  district  of  the  Wealden,  which  has  since  been  printed  in  a 
separate  form  under  the  title  "On  the  Anticlinal  line  of  tne  London 
and  Hampshire  Basins."  The  principal  part  of  it  was  embodied  in  a 
memoir  read  before  this  Society  Dec.  16,  1840,  and  which  only  failed 
by  some  accident  to  be  published  in  our  regular  Proceedings.  1  rejoice 
that  the  author  has  repaired  the  loss  to  geology  by  thus  printing  his 
memoir.  The  value  of  local  and  detailed  observations  from  so  care- 
ful an  observer,  intimately  acquainted  with  the  district,  cannot  be  too 
highly  appreciated.  In  this  paper  Mr.  Martin  has  described  the 
Drift  of  the  same  district  as  that  to  which  Sir  R.  Murchison's  descrip- 
tion applies.    He  separates  it  into  four  separate  zones,  as  follows  i— 

{Pebbles  and  broken  shingle  beds ;  slight  ad- 
mixture of  angular  flints ;  sand  and  loam, 
and  some  chalk-rubble. 

Iron  rag  (a  conglomerate  of  the  debris  of  the 

a  tu*  \a  «o  J  various  beds  above  and  below  the  Weald 
4.  wealden  zone  <  CUy)    ^  rf  ^  80mctiinemof 

jrreat  depth. 

The  first  two  contain  bones  of  mammals,  and  other  Pleistocene 
remains  ;  the  third  contains  very  few,  and  the  fourth  scarcely  any 
at  all. 

This  description  is  very  similar  to  that  given  by  Sir  R.  Murchison, 
though  differently  arranged.  The  first  zone  probably  includes  a 
somewhat  wider  range  than  that  contemplated  by  the  latter  author, 
and  therefore  perhaps  includes  more  of  the  tertiary  pebbles.  Sir 
Roderick  has  stated  that  there  is  a  marked  absence  of  flints  over  the 
surfaces  of  the  Upper  Greensand  and  Gault,  especially  along  the  foot 
of  the  escarpment  of  the  South  Downs.  Mr.  Martin  has  not  recog- 
nized this  fact.  The  tract  would  divide  his  Cretaceous  and  Subcreta- 
ceous  zones.  In  the  Wealden  zone  he  seems  to  have  recognised  a 
greater  extent  of  detrital  matter  than  other  geologists,  in  the  exist- 
ance  of  considerable  beds  of  diluvial  loam. 

Mr.  Martin's  views  respecting  the  general  structure  of  the  district 
are,  in  all  essential  points,  in  perfect  accordance  with  my  own,  as 
brought  before  the  Society  some  years  ago.  I  was,  in  fact,  indebted 
to  him  for  most  of  the  details  of  the  phaenomena  in  his  own  im- 
mediate neighbourhood ;  and  a  coiiriderahle  portion  of  the  contents 


of  bis  present  essay  would  have  appeared  m  conjunction  with  my 
memoir,  had  it  not  been  for  the  accidental  "w^mm*  already  alluded 
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to.  I  am  glad  of  this  opportunity  of  doing  justice  to  Mr.  Martin's 
claims  as  an  original  and  accurate  observer  of  many  of  the  geological 
pheenomena  of  this  district. 

Mr.  Martin's  theoretical  views  respecting  the  denudation  of  the 
Wealden,  are  much  more  in  accordance  with  those  which  were  more 
prevalent  some  years  ago  than  at  the  present  time.  He  considers  it  to 
have  been  effected  by  the  transporting  power  of  a  limited  number  of 
large  waves,  such  as  have  been  termed  of  late  waves  of  translation,  or 
waves  of  elevation,  and  not  by  the  more  tranquil  and  long-continued 
diurnal  action  of  the  sea.  I  confess  myself  to  have  no  faith  in  either 
of  these  extreme  theories,  one  of  which  would  regard  the  denudation 
as  almost  entirely  due  to  tumultuary  action,  and  the  other  as  pro- 
duced almost  solely  by  the  ordinary  present  action  of  the  sea.  If 
the  denudation  was  tumultuary,  the  simultaneous  deposition  of  the 
transported  mass  must  have  also  been  tumultuary.  But  no  tumul- 
tuary deposit  equal  in  amount  to  a  thousandth  part  of  the  mass,  pro- 
bably transported  from  this  and  the  surrounding  districts,  now  exists 
in  their  vicinity.  If  it  ever  did  exist,  how,  it  may  be  asked,  has  it 
disappeared  except  by  that  slow  process  of  denudation  which  must 
synchronize  with  the  equally  slow  process  of  deposition  of  sedimen- 
tary, stratified  and  fossiliferous  beds;  and  if  this  latter  process 
could  be  thus  effective  in  again  transporting  the  mass  after  its  first 
tumultuary  removal,  why  should  it  not  have  been  effective  in  trans- 
porting a  large  portion  of  this  mass  from  its  original  site  ?  But,  again, 
on  the  other  hand,  are  we  to  assume  that  there  has  been  no  tumul- 
tuary action  peculiar  to  periods  of  great  disturbance  and  denudation  ? 
A  few  years  ago  only  geologists  were  doubting  whether  the  Drift  in 
general  was  subaqueous  or  subaerial ;  but  no  one  now  doubts  its  being 
the  former,  and,  that  doubt  being  removed,  I  contend  that  the  proof 
of  tumultuary  action  afforded  by  what  are  considered  drifted  mate- 
rials, is  as  conclusive  as  that  of  more  tranquil  action  afforded  by  the 
fossiliferous  beds  of  former  periods.  In  fact  it  is  by  the  character 
of  the  transported  masses  alone  that  we  can  judge  of  the  energy  of 
the  agency  which  has  removed  them.  To  do  otherwise  must  be  to 
depart  from  the  true  spirit  of  inductive  philosophy,  and  to  base  our 
theories  upon  unsupported  hypotheses. 

In  the  region  of  the  Wealden  we  have  little  direct  evidence  of  any 
action  of  violent  intensity  in  the  process  by  which  it  has  been  de- 
nuded. At  the  same  time  we  have,  as  Sir  R.  Murchison  has  con- 
tended, distinct  evidence  in  the  characters  of  the  superficial  drift,  of 
an  action  different  from  the  daily  action  of  the  sea,  and  to  a  certain 
extent  tumultuary.  Had  the  process  of  denudation  been  continued, 
this  coarser  matter  would  doubtless  in  its  turn  have  been  comminuted 
and  carried  off  possibly  in  the  form  of  fine  sediment.  And  further, 
if  this  more  powerful  action  was  produced  in  the  last  period  of  the 
denudation,  how  can  we  avoid  the  conclusion  that  a  similar  action 
must  have  been  frequently  repeated  during  the  period  in  which  all 
the  principal  phaenomena  of  elevation  throughout  the  district  must 
have  been  produced  ?  The  conclusion  appears  to  me  inevitable.  I 
conceive  that  by  a  repetition  of  such  action,  not  necessarily  of  any 
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great  intensity,  the  denudation  of  the  district  was  probably  much 
assisted,  while  a  very  large  proportion  of  the  transported  matter  was 
finally  carried  off  in  the  form  of  fine  sediment  by  the  ordinary  actkm 
of  the  sea.  Without  the  aid  of  this  repeated  tumultuary  action,  I 
cannot,  in  fact,  conceive  how  all  traces  of  marine  deposit  and  coast 
action  could  have  so  entirely  disappeared  from  the  valleys  of  the 
Wealden,  those  of  the  Highlands,  or  those  of  many  other  regions. 

The  Drift  which  has  been  described  in  the  papers  by  Mr.  Austen, 
Mr.  Prestwich,  Sir  Roderick  Murchison,  and  Mr.  Martin  differs 
greatly  from  a  large  part  of  the  general  mass  of  Drift  derived  from 
the  north  and  spread  over  the  wide  areas  of  northern  Europe  and 
North  America.  The  difference  consists  chiefly  in  the  absence  of 
large  blocks,  the  generally  unworn  character  of  the  constituent  ma- 
terials, and  the  local  origin  of  the  masses  here  spoken  of.  Certain 
portions  of  superficial  masses  of  this  kind,  though  in  a  geological 
view  of  little  more  importance  than  the  rest,  are  now  become  of  im- 
mense importance  in  an  economic  point  of  view,  from  the  circum- 
stance of  their  being  auriferous.  Two  papers,  by  the  Rev.  W.  B. 
Clarke  and  Sir  R.  I.  Murchison.  were  read  at  one  of  our  recent 
meetings  on  the  subject  of  the  auriferous  Drift  of  Australia. 

Mr.  Clarke  commenced  his  researches  on  the  geology  of  the  district 
west  of  Port  Jackson  in  1841,  and  soon  observed  indications,  though 
very  faint,  of  the  existence  of  gold.  Continuing  his  researches  up 
to  a  recent  period,  his  convictions  became  stronger,  and  were  made 
public  through  the  medium  of  several  local  journals,  that  Australia  was 
an  auriferous  region  of  considerable  promise.  In  1647  he  became 
for  the  first  time  acquainted,  he  says,  with  the  views  entertained  by 
8ir  R.  Murchison  respecting  the  true  interpretation  of  the  geological 
system  of  Australia,  and  obtained  some  knowledge  of  the  auriferous 
deposits  of  the  Ural  Mountains,  from  the  abstract  of  an  account, 
given  to  the  Geological  Society  of  France  by  M.  de  Verneuil,  of  the 
researches  made  by  Sir  R.  Murchison  and  himself  in  Russia.  Mr. 
Clarke  was  thus  enabled  to  institute  a  comparison  between  the  phe- 
nomena of  the  Ural  and  those  of  Australia,  which  he  published  in 
the  Sydney  Herald  of  September  28,  1847. 

In  1845  Sir  R.  Murchison  and  his  associates  published  die  'Geo- 
logy of  Russia  in  Europe,'  containing  considerable  details,  as  you  wQl 
recollect,  of  the  gold-bearing  detritus  of  the  Ural  Mountains,  and  of 
its  geological  relations  to  the  neighbouring  rocks.  These  rocks  con- 
sist in  great  part  of  various  schistose  quarttose  masses,  with  granites, 
porphyries,  and  injected  igneous  rocks,  such  as  generally  charac- 
terize the  axes  of  mountains  belonging  to  the  oldest  geological  periods 
in  other  places ;  and  the  auriferous  detritus  consists  of  the  local  de- 
bris from  these  mountainous  masses.  From  this  debris  nearly  the 
whole  of  the  gold  obtained  from  the  Ural  Mountains  is  extracted,  very 
few  of  the  veins  in  the  solid  rock  being  found  to  yield  any  copsader^ 
able  quantity  of  ore.  The  recent  geological  date  of  the  debris  was 
also  established,  by  the  fact  of  the  existence  of  bones  of  the  mam- 
moth imbedded  in  "its  lowest  portions. 

The  geological  characters  and  relations  of  this  aurfferotts  Drift 
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being  thus  clearly  ascertained,  Sir  R.  Murchison  concluded  that  de- 
trital  accumulations  having  the  same  characters,  and  derived  from 
similar  ancient  rock  masses,  in  any  other  part  of  the  world,  might 
also  be  expected  to  be  auriferous  in  a  greater  or  less  degree. 

Just  before  his  examination  of  the  Ural  chain,  he  had  had  an  oppor- 
tunity of  examining  some  specimens  of  the  rock  masses  brought  by 
Count  gtnelecki  from  the  eastern  part  of  Australia,  and  was  thus 
able  to  recognize  the  identity  of  character  presented  by  these  rocks 
and  those  of  the  Ural.  Hence  he  was  led  to  the  conclusion  that  the 
local  detritus  of  what  he  termed  the  Cordilleras  of  Australia,  ranging 
generally  in  a  north  and  south  direction,  would  be  found  to  contain 
gold,  as  it  was  found  in  the  Ural  chain  and  the  Cordilleras  of  America. 
In  1 846  he  expressed  this  opinion  publicly  to  the  geologists  and  miners 
of  Cornwall,  recommending  such  miners  as  might  be  in  want  of  em- 
ployment to  emigrate  to  Australia,  where,  he  assured  them,  they  might 
expect  to  be  well  remunerated  for  their  labour  in  a  diligent  search  for 
gold.  These  remarks  were  subsequently  embodied  in  a  memoir,  and 
published  in  the  Transactions  of  the  Royal  Geological  Society  of  Corn- 
wall. Not  lone  afterwards,  his  discourse  in  Cornwall,  printed  at  the 
time  in  the  local  journals,  appeared  in  the  Sydney  papers. 

It  appears,  then,  from  the  statements  contained  in  the  two  papers 
before  us,  that  both  Sir  R.  Murchison  and  Mr.  Clarke  had  been 
asserting  the  probability  that  Australia  would  be  found  to  be  an 
auriferous  region,  for  some  years  previous  to  1847.  Up  to  that  pe- 
riod their  respective  speculations,  however,  had  been  independent  of 
each  other,  and  evidently  rested  on  totally  different  foundations.  Sir 
Roderick's  rested  on  an  induction  from  a  careful  observation  and  ex- 
tensive knowledge  of  the  geological  characters  of  known  auriferous 
districts,  applied  to  Australia,  without  any  knowledge,  up  to  the  date 

iust  mentioned,  of  the  actual  discovery  of  gold  in  that  country ;  for 
le  does  not  appear  to  have  known  till  a  later  period  that  Strzelecki 
had  observed  indications  of  gold  near  Bathurst  several  years  before. 
On  the  other  hand,  Mr.  Clarke's  speculations  were  inferences  from 
the  facts  that  minute  quantities  of  gold  had  been  actually  discovered 
in  different  parts  of  the  country,  but  were,  up  to  the  above  date,  un- 
supported by  that  more  accurate  knowledge  of  the  geological  phe- 
nomena of  other  auriferous  districts,  on  which  Sir  R.  Murchison  had 
entirely  founded  his  speculations.  In  the  one  case  we  have  the  gene- 
ralization of  the  geologist,  in  the  other  the  simple  inference  of  the 
observer. 

Subsequently,  in  1847,  Mr.  Clarke's  views  became  strengthened  by 
his  obtaining  some  knowledge,  as  already  stated,  of  the  auriferous 
deposits  of  the  Ural  Mountains,  and  the  views  of  the  authors  of  the 
'  Geology  of  Russia'  on  the  subject ;  and  in  1848  Sir  R.  Murchison's 
views  were  corroborated  by  his  receiving  a  piece  of  gold  which  had 
been  found  in  Australia  by  persons  who  were  desirous  of  prosecuting 
further  researches.  His  convictions  on  the  subject  then  became  so 
strong,  that  he  thought  proper  to  write  to  Lord  Grey,  as  Colonial 
Secretary,  stating  to  him  that  gold  was  likely  to  be  found  in  Australia 
to  an  extent  which  might  render  it  of  immense  importance  to  the  in- 
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terests  of  the  colony.  Subsequently,  also,  he  detailed  his  views  oa 
the  subject  at  the  meeting  of  the  British  Association  in  1849,  and  on 
other  occasions. 

Lord  Grey,  it  appears,  was  of  opinion  that  the  discovery  of  gold 
in  Australia  would  only  be  productive  of  ill  effects  by  deranging  all 
the  internal  existing  relations  of  the  colony  ;  but  had  his  Loidahip 
felt  that  confidence  to  which  a  prediction  founded  on  such  sound  geo- 
logical generalization  and  such  strict  analogy  as  that  of  Sir  R.  Mur- 
chison  was  entitled,  an  examination  of  the  reputed  auriferous  beds 
would  probably  have  been  immediately  instituted  under  agents  of  the 
government.  The  discoveries  subsequently  made  would  have  been 
the  necessary  consequence ;  and  preparatory  arrangements  for  ex- 
plorations might  have  prevented  much  of  the  evil  which  arose  from 
the  first  announcement  of  the  abundance  of  gold.  It  will  be  well  if 
this  should  be  accepted  by  our  Government  as  another  proof  of  the 
importance  of  a  due  attention  to  the  suggestions  of  science.  With 
this  neglect  on  the  part  of  the  Government,  the  discovery  of  the  real 
value  of  the  Australian  gold  field  was  left  to  be  made  by  Mr.  Har- 

Saves,  who  had  acquired  a  knowledge  of  gold-digging  in  California, 
is  experience  enabled  him  to  detect  immediately  the  existence  of 
gold  in  sufficient  abundance  to  render  workings  for  it  profitable. 

After  this  announcement  Mr.  Clarke  published  a  letter  in  the 
Sydney  Morning  Herald  of  May  29,  1851,  the  contents  of  which  ara 
nearly  the  same  as  those  of  the  paper  recently  read  before  the  Society. 
It  was  also  widely  circulated  in  this  country  through  the  medium  of 
The  Times  newspaper.  There  is,  however,  a  difference  between  the 
letter  and  the  memoir  which  I  think  it  right  to  notice.  In  the  latter 
there  are  ample  references  to  Sir  R.  Murchison  and  others,  whereas 
in  the  former  there  are  no  such  references  at  all,  so  that  the  perusal 
of  it  might  produce  the  impression  that  the  author  not  only  claims 
the  merit  of  having  inferred  from  his  own  observations  in  Australia, 
or  those  of  others,  the  existence  of  gold  in  that  region,  but  also  the 
merit  of  a  wide  generaliiation  and  induction  founded  on  a  comparison 
between  the  geological  phenomena  of  Australia  with  those  of  other 
gold-bearing  regions,  especially  that  of  the  UraL  Now  this  is  pre- 
cisely what  Sir  R.  Murchison  had  done,  and  to  him  alone  the  merit 
of  this  generalization,  and  of  the  prediction  founded  upon  it,  is  un- 
questionably due.  Had  the  author  anticipated  the  extent  to  which 
this  letter  has  been  circulated  through  the  medium  of  the  Government 
Reports  and  of  newspapers,  he  would  have  been,  I  doubt  not,  more 
careful  to  make  due  mention  of  the  labours  and  speculations  of  others. 

The  district  of  Bathurst  lies  in  a  westerly  direction  from  8ydncy, 
the  direct  distance  from  that  place  to  the  town  of  Bathurst  being 
about  100  miles.  The  latter  town  is  situated  on  the  River  M  acquire. 
The  valley  through  which  the  river  takes  its  north-westerly  course  is 
several  miles  in  width,  and  bounded  on  the  south  by  a  ridge  of  coo- 
siderable  elevation,  consisting,  like  the  other  mountains  of  the  district, 
of  old  schistose  rocks  traversed  by  veins  or  dykes  of  quarts.  The 
alluvium  which  occupies  the  valley  ascends  also  into  the  gullies  and 
creeks  about  the  foot  of  the  range.    It  is  in  this  alluvium  that 
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the  grains  of  gold  are  found,  finer  in  places  more  remote  from  the 
mountains,  and  coarser  in  creeks  at  their  base.  Iu  these  latter  loca- 
lities the  gold  is  generally  most  abundant.  The  first  diggings  were 
commenced  in  this  range  about  25  miles  west  of  Bathurst.  Gold 
has  also  been  found  in  numerous  other  places.  Mr.  Clarke  calculates 
that  in  this  tract  of  the  Macquarie  alone  it  must  extend  over  an  area 
of  700  or  800  square  miles  ;  and  this  is  doubtless  but  a  small  frac- 
tion of  the  area  throughout  which  it  may  be  expected  to  be  found 
hereafter. 

Other  metals  are  usually  found  in  greatest  abundance  in  veins 
which  are  generally  as  rich  at  great  depths  as  at  the  surface,  and 
sometimes  more  so  ;  but  veins  of  gold,  on  the  contrary,  where  they 
have  been  worked  in  the  solid  rock,  have  been  invariably  found  to 
become  poor  at  any  considerable  depth  beneath  the  surface,  so  that 
the  working  of  them  is  seldom  remunerative.  It  is  the  comparative 
richness  of  the  gold-veins  near  the  surface  which  accounts  for  the 
existence  of  the  metal  in  such  abundance  in  the  alluvium  or  Drift, 
the  same  agencies  which  deposited  the  drifted  materials  having  also 
carried  away  the  gold  from  the  superficial  portions  of  the  veins  in 
which  it  was  originally  found.  In  Australia  we  have  only  a  repeti- 
tion of  the  phenomena  which  have  presented  themselves  in  the  Ural, 
California,  and  in  every  other  locality  where  gold  has  been  found  in 
abundance. 

The  next  paper  to  which  I  shall  call  your  attention,  although  not 
directly  on  the  subject  of  the  Drift,  may  be  considered  as  closely 
associated  with  it,  one  of  its  principal  objects  being  to  account  for 
the  peculiar  climatal  conditions  of  the  glacial  period — that  period  to 
which  geologists  now  universally  refer  the  general  phenomena  of 
Drift.  I  allude  to  the  paper  which  I  have  myself  brought  recently 
before  you,  "On  the  Causes  of  Change  in  the  Earth's  Superficial 
Temperature."  You  will  recollect  that,  until  very  recently,  the  only 
change  of  climate  which  had  been  recognized  by  geologists  as  having 
taken  place  during  the  earth's  geological  history  was  one  from  a 
higher  to  a  lower  temperature,  and,  for  those  who  believed  in  the 
primitive  heat  of  the  globe,  that  heat  afforded  one  obvious  cause  for 
this  higher  temperature  at  remote  geological  epochs.  When,  how- 
ever, an  examination  of  the  phenomena  of  the  glacial  epoch  rendered 
it  necessary  to  recognize  a  change  of  climate  in  our  own  region  of 
the  globe  from  a  lower  temperature  during  that  period  to  a  higher 
subsequent  temperature,  new  conditions  were  added  to  the  problem 
which  rendered  the  cause  formerly  assigned  manifestly  inadequate  for 
its  solution.  Two  other  causes,  however,  had  been  previously  sug- 
gested, which  might  possibly  account,  not  only  for  a  change  from  a 
higher  to  a  lower  superficial  terrestrial  temperature,  but  also  for  oscil- 
latory changes.  One  of  these  assigned  causes  rested  on  the  hy- 
potheses of  motion  of  the  whole  solar  system  in  space,  and  the  vari- 
able temperature  of  the  different  regions  through  which  it  might  thus 
pass ;  the  other  cause  assigned  was  the  influence  of  different  con- 
figurations of  land  and  sea  on  the  climatal  state  of  particular  portions 
of  the  earth's  surface.   Thus  of  the  three  causes  above  alluded  to, 
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speaking  of  them  with  reference  to  the  earth's  surface,  one  was  in- 
ternal, another  external,  and  the  third  superficial.  No  attempt, 
however,  had  been  made  to  examine  the  efficiency  of  theae  different 
causes  to  account  for  all  the  phsenomena  which  may  be  referable  to 
them.  It  was  to  remedy  this  defect  that  I  undertook  the  investigav 
tions  contained  in  the  paper  of  which  I  am  speaking. 

Assuming  the  primitive  temperature  of  the  globe  to  hare  been  very 
much  greater  than  at  present,  there  is  manifestly  no  difficulty  in  ac- 
counting for  any  higher  superficial  temperature  than  the  present,  at 
past  epochs,  provided  those  epochs  be  sufficiently  remote.  They 
must*  however,  be  exceedingly  remote  to  enable  us  thus  to  account 
for  a  variation  of  temperature  which  should  sensibly  affect  the  dimatal 
conditions  in  any  part  of  the  earth.  The  terrestrial  temperature,  to 
the  depth  of  about  70  feet,  varies  with  the  progress  of  the  seasons, 
the  variation  becoming  less  as  the  depth  is  greater,  until,  at  about 
the  depth  just  mentioned,  it  is  no  longer  sensible,  so  that  a  ther- 
mometer placed  there  would  indicate  a  constant  temperature  during 
the  whole  year.  A  second  thermometer  at  a  greater  depth  would 
also  indicate  a  constant  temperature  throughout  the  year,  but  higher 
than  that  indicated  by  the  preceding  one.  If  this  second  thermometer 
were  placed  at  a  still  greater  depth,  it  would  indicate  a  still  higher 
constant  temperature ;  and  the  increase  of  temperature  between  the 
two  thermometers  would  be  proportional  to  the  distance  between 
them,  i.  e.  the  temperature  in  descending  below  the  first  thermometer 
would  increase  at  a  constant  uniform  rate. 

Again,  if  the  cooling  of  the  earth  were  to  continue  for  an  indefinite 
period  of  time,  assuming  the  temperature  of  external  space,  the  son, 
and  the  earth's  atmosphere  to  remain  as  at  present,  the  superficial 
temperature  would  approximate  indefinitely  near  to  a  certain  limit. 
The  difference  between  that  limit  and  the  earth's  present  superficial 
temperature  is  the  effect  due  to  the  remains  of  tne  primitive  heat. 
Now  theory  gives  us  a  simple  relation  between  the  amount  of  this 
effect  and  the  rate  of  increase  above-mentioned  as  we  descend  below 
the  earth's  surface*.  Consequently,  knowing  the  one,  we  can  inv 
mediately  determine  the  other,  and  thus,  having  ascertained  the  abort 
rate  of  increase,  we  know  the  amount  of  superficial  temperature  which 
is  now  due  to  the  earth's  primaeval  heat,  assuming  always  that  heat 
to  be  the  cause  of  the  existing  internal  temperature  of  the  globe. 
This  amount  is  thus  proved  not  to  exceed  about  the  j\jth  of  a  centesi- 
mal degree,  so  nearly  has  the  earth's  superficial  temperature  approxi- 
mated to  that  ultimate  limit  beyond  which  it  could  never  descend, 
supposing  external  conditions  to  remain  the  same.  It  was  calculated 
by  Poisson  that,  to  reduce  the  superficial  temperature  by  one  half  of 
the  above  amount,  or  ^th  of  a  centesimal  degree,  it  would  require 
the  enormous  period  of  one  hundred  thousand  millions  of  years.  It 

•  If/denote  the  excess  of  the  present  superficial  temperature  abort  Um  iatj 
limit  to  which  the  temperature  would  descend  in  an  indefinite  period  of  time,  mi 

f  the  rate  of  increase  of  temperature  mentaoaed  in  the  text,  we  haft  ^  -  #,  whan 
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would,  doubtless,  require  us  to  go  back  into  the  past  some  such  im- 
mense period  as  this  to  arrive  at  the  epoch  when  the  superficial 
temperature  should  have  exceeded  its  present  amount  by  even  one  or 
two  degrees.  At  the  same  time  the  rate  of  increase  of  temperature 
in  descending  beneath  the  surface  would  be  much  more  rapid  than  at 
present.  If  the  superficial  temperature  amounted  to  2°  C.  above  its 
ultimate  limit,  instead  of  being  ^th  of  a  degree,  the  rate  at  which 
the  temperature  would  increase  in  descending  would  be  about  sixty 
times  as  great  as  at  present,  i.  e.  there  would  be  an  increase  of  1°  C. 
for  little  more  than  one  foot  of  depth. 

It  must  be  recollected  that  this  state  of  terrestrial  temperature,  if 
due  to  the  cause  we  are  considering,  could  only  have  existed  at  times 
which,  even  in  a  geological  sense,  must  have  been  extremely  remote. 
The  important  peculiarity  of  this  state  of  the  earth  would  seem  to 
consist  in  the  simultaneous  existence  of  a  superficial  temperature,  and 
therefore  of  climatal  conditions,  very  nearly  the  same  as  at  present, 
with  an  internal  temperature  at  the  depth  of  a  few  hundred  feet  and 
upwards,  immensely  greater  than  at  present.  If  we  suppose  the  pro- 
cess of  sedimentary  deposition  to  have  been  then  going  on,  we  may 
understand  how  great  an  effect  might  be  produced  by  this  internal 
temperature  in  the  metamorphism  of  the  earlier  sedimentary  beds. 

The  temperature  of  any  point  in  stellar  space  is  that  which  would 
be  indicated  by  a  thermometer  at  that  point  receiving  the  heat  radi- 
ating from  all  the  stars  composing  the  universe.  The  temperature 
of  all  bodies  must  necessarily  be  affected  by  this  radiation,  and  in 
different  degrees,  according  to  the  positions  in  space  which  they  may 
occupy.  Hence  Poisson  was  led  to  adopt  the  notion  that  the  actual 
temperature  of  the  earth,  whether  superficial  or  internal,  is  due  to 
the  circumstance  of  the  solar  system  having  passed  through  a  warmer 
region  than  that  which  it  now  occupies,  in  the  course  of  that  motion 
by  which  astronomers  generally  believe  it  to  be  constantly  moving 
from  one  part  of  space  to  another.  What  may  have  been  the  possi- 
ble effect  of  this  cause  in  the  lapse  of  indefinite  time,  it  is  impossible 
to  say ;  but  I  cannot  understand  how  it  could  be  very  considerable 
without  a  totally  different  distribution  of  the  group  of  stars  to  which 
the  sun  should  belong,  or  the  near  approach  of  the  solar  system  to 
some  individual  star.  The  latter  hypothesis,  however,  would  be  in- 
consistent with  the  integrity  of  the  solar  system  as  it  now  exists,  if 
we  suppose  the  proximity  to  any  single  Btar  to  become  such  as  to 
produce  any  material  modification  of  terrestrial  climate ;  and  perhaps 
it  may  be  difficult  to  conceive  how  the  first  hypothesis  should  escape 
a  similar  objection.  At  all  events,  it  may  be  regarded  as  certain, 
that  according  to  neither  of  these  hypothesis  can  any  considerable 
effects  have  been  produced  by  this  cause  on  terrestrial  temperature 
within  the  later  Tertiary  period,  and  that  we  cannot  thus  account  for 
the  cold  of  the  glacial  epoch. 

In  considering  the  influence  of  the  third  cause — that  of  the  confi- 
guration of  land  and  sea—I  have  endeavoured  to  ascertain  approxi- 
mately what  would  be  the  climatal  conditions,  more  especially  in 
western  Europe,  in  the  four  following  hypothetical  cases * 


he 
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1.  The  configuration  of  land  and  sea  the  same  as  at  present,  tat 
without  the  Gulf-stream. 

2.  The  Gulf-stream  the  same  as  at  present,  except  that  its  progress 
into  the  North  Sea  is  supposed  to  he  arrested  by  a  barrier  of  land, 
extending  from  the  north  of  Scotland  to  Iceland,  and  thence  to  the 
coast  of  Greenland. 

3.  The  basin  of  the  Atlantic  from  the  Tropic  to  the  North  8em 
converted  into  land,  uniting  the  old  and  new  continents. 

4.  Large  portions  of  the  continents  of  Europe  and  North  America 
submerged  beneath  the  surface  of  the  ocean,  and  the  Gulf-stream  di- 
verted into  some  other  course. 

By  a  study  of  Dove's  admirable  map  of  isothermal  lines,  we  easily 
recognize  the  masses  of  land  in  the  northern  parts  of  the  old  and  new 
continents,  and  the  Gulf-stream  as  the  principal  causes  of  the  ab- 
normal forms  of  the  isothermals  in  the  higher  latitudes  of  the  north- 
ern hemisphere.  In  like  manner  the  irregular  forms  of  the  known 
isothermals  of  the  southern  hemisphere,  extending  to  about  the  lati- 
tude of  50°,  may  be  seen  to  be  attributable  to  similar  causes,  more 
especially,  perhaps,  in  this  case  to  well-known  ocean-torrents ;  and  a 
knowledge  of  these  causes  enables  us  to  draw  the  isothermals  in  such 
hypothetical  cases,  as  those  above-stated,  with  approximate  accuracy. 
This  is  what  I  have  first  attempted  to  do  in  the  memoir  before  us* 

Taking  the  first  case,  I  arrive  at  the  results  embodied  in  the  fol- 
lowing table : — , 


DiSfe. 


The  Alps. 

Temperature  for  January  

»       ,»  July   

Mem  annual  temperature  

Snowdon. 

Temperature  for  January  

n  July   

Mean  annual  temperature  

NoBTU&N  Err&ZMITT  OF  SCOTLAND. 

Temperature  for  January  

»        h  July   

Mean  annual  temperature  

ClNTM  OF  ICBLAMD. 

Temperature  for  January  

July   

Mean  

Mean  annual  temperature9   


38F.1 

73  / 
55-5 


38F.1 
61  J 
49-5 


36*F.\ 
56  / 
46-25 

30F.\ 
52  J 
41 
39 


35 


23 


19-5 


22 


34F.1 
73  J 
533 

23F.1 
61  J 
42 

12F.1 


IP 


44 


•  This  is  deduced  from  the  mean  of  the  monthly  temper  aUrta.  Th* 
annual  temperatures  above  given  for  the  other  cases  are  alinost  identical  with 
deduced  from  the  monthly  temperatures.  The  discrepancy  of  3*  hi  the  e 
*   ay  ba  attributed  to  local  peculiarities. 


ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT. 


lxi 


In  the  case  in  which  the  Gulf-stream  is  supposed  to  exist,  hut  its 
progress  into  the  North  Sea  to  he  arrested  by  a  continuous  harrier  of 
land,  I  have  shown  that  the  winter  temperature  of  the  coast  of  Ice- 
land would  probably  he  increased  6°  or  7°  F.,  and  that  the  January 
isothermal  would  probably  run  nearly  north  and  south  from  Iceland 
to  the  latitude  of  central  France,  iou  will  recollect  that  a  former 
littoral  or  sub-littoral  communication  between  the  western  coasts  of 
Europe  and  the  eastern  coasts  of  America  is  rendered  probable  by  a 
certain  community  of  specific  forms  in  those  localities.  My  object, 
in  considering  the  effect  of  the  configuration  of  land  above-mentioned, 
is  to  determine  how  far  it  might  afford  this  littoral  communication 
with  a  temperature  of  the  ocean  sufficiently  high  to  admit  of  the  dis- 
semination along  it  of  the  species  alluded  to. 

The  next  case  is  that  in  which  the  basin  of  the  Atlantic  should 
he  converted  into  dry  land,  so  as  to  unite  the  old  and  new  continents. 
This  would  rive  to  our  own  region  the  extreme  continental  climate  of 
northern  and  central  Asia.  According  to  my  estimate,  we  should 
then  have  for  Snowdon, 

Temperature  of  January. ...  7°  F.  1        *,0o  c 
July/....  66°  5  )B*-73-5. 

Mean  annual  temperature  . .  29°*  75 

The  summer  temperature  would  be  increased  5°*5  F.,  but  the  winter 
temperature  would  he  reduced  45°,  and  the  mean  annual  tempera- 
ture 20°. 

In  discussing  the  fourth  case,  in  which  the  Gulf-stream  is  not  sup- 
posed to  exist  on  our  own  shores,  and  a  great  part  of  Europe  is  assumed 
to  be  submerged  beneath  the  ocean,  I  have  shown  that  the  mean 
annual  temperature  would  be  very  nearly  the  same  in  western  Europe 
and  in  the  latitude  of  Snowdon,  as  in  the  case  above-considered  of 
simply  the  absence  of  the  Gulf-stream.  The  conditions  under  which 
the  Welsh  and  Irish  mountains  would  be  placed,  supposing  them 
extant  above  the  sea  while  the  neighbouring  region  was  submerged, 
would  be  very  similar  to  the  existing  conditions  of  the  Falkland  Is- 
lands and  the  island  of  S.  Georgia ;  and  a  comparison  with  these 
islands  leads  me  to  conclude  that  the  estimate  above-given  of  the 
mean  annual  temperature  of  Snowdon  (42°  F.)  is  two  or  three  de- 
grees too  high.  I  have  considered  39°  or  40°  F.  to  be  a  nearer 
estimate.  In  fact,  a  great  part  of  the  misconception  which  has  existed 
respecting  the  possible  past  temperature  of  this  region,  has  arisen 
from  our  regarding  its  present  temperature  as  the  normal  temperature 
for  our  own  latitude,  and  that  of  places  like  the  island  of  S.  Georgia, 
in  corresponding  south  latitudes,  as  the  abnormal  temperature; 
whereas  the  exact  reverse  of  this  is  the  actual  case. 

Having  determined  the  positions  of  the  isothermal  lines  for  any 
particular  hypothetical  case,  we  can  determine,  for  that  case,  the 
mean  annual  temperature  at  any  assigned  place.  The  object  which 
I  have  next  proposed  to  myself  in  this  paper  is  more  especially  to 
determine  the  conditions  under  which  glaciers  would  exist  in  those 
parts  of  western  Europe  where  traces  of  their  former  existence  have 
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been  observed.  The  principle  on  which  I  have  proceeded  it  easily 
explained.  The  snow-line  is  that  line  on  the  side  of  a  mountain 
which  forms  the  highest  limit  to  which  the  boundary  of  the  snow 
ascends  during  the  year.  It  bears  an  important  relation  to  all  gla- 
ciers, being  that  limit  below  which  the  glacier  receives  no  permanent 
superficial  increase.  Below  this  limit  the  destructive  begin  to  pre- 
vail over  the  productive  agencies.  The  distance  to  which  the  glacier 
descends  below  it  depends  on  local  circumstances,  but  we  find  that 
nearly  all  glaciers,  large  enough  to  be  considered  of  the  first  order, 
descend  to  levels  lower  than  the  snow-line  by  an  amount  varying 
from  about  4000  to  5000  feet.  In  smaller  glaciers  the  descent  is 
proportionally  less.  Again,  the  snow-line  bears  certain  relations  to 
the  line  which  I  have  denned  as  the  line  of  32°  F.,  or  that  along 
which  the  mean  annual  temperature  is  eoual  to  32°  F.  At  certain 
places  in 'sufficiently  high  latitudes  this  line  will  lie  at  the  level  of 
the  sea.  In  lower  latitudes  it  will  lie  at  higher  levels,  and  in  still 
higher  latitudes  the  mean  annual  temperature  will  be  less  than  32°. 
It  is  found  that  at  the  equator  the  snow- line  lies  about  1000  feet 
below  the  line  of  32°,  while  in  the  higher  north  latitudes  it  lies  above 
the  latter  line,  the  vertical  distance  between  them  being  very  variable* 
A  continental  climate,  in  which  the  atmosphere  contains  compara- 
tively little  moisture,  and  the  variation  from  summer  to  winter  tem- 
perature is  very  {Treat,  is  favourable  to  a  relatively  high  position  of 
the  snow-line ;  while  an  insular  climate,  in  which  the  quantity  of 
moisture  is  comparatively  large,  and  the  annual  variation  of  tempe- 
rature comparatively  small,  superinduces  a  relatively  low  position  of 
this  line.  Thus  in  the  north-eastern  part  of  Asia,  the  snow-line  is 
probably  from  4000  to  6000  feet  above  the  line  of  32°,  while  in  Ice- 
land its  height  above  the  latter  line  does  not  exceed  a  few  hundred 
feet.  A  knowledge  of  these  facts  enables  us  to  estimate  approximately 
the  vertical  distance  between  these  lines  in  any  proposed  hypothetical 
case.  To  estimate  the  absolute  height  of  the  snow-line  above  the 
sea-level,  we  have  only  then  to  calculate  the  height  of  the  line  of  32° 
at  the  place  proposed.  For  this  purpose  we  must  estimate  the  mean 
annual  temperature  there  by  means  of  the  isothermal  line  passing 
through  the  place,  and  then  calculate  the  vertical  height  to  which 
we  must  ascend  to  reach  the  point  at  which  the  mean  annual  tempe- 
rature is  equal  to  32° ;  and  to  effect  this  we  must  know  the  height 
which  corresponds  to  a  decrease  of  temperature  of  lc.  Humboldt 
and  others  have  shown  that  this  height  may  be  taken  as  varying  (ram 
about  320  to  3;~>0  feet  in  ascending  steep  mountains,  or  vertically  in  a 
balloon  ;  but  Humboldt  has  also  shown,  from  his  own  observation 
that,  in  an  ascent  presenting  a  succession  of  high  and  extensive 
table  lands,  the  increase  of  height  for  each  degree  may  amount  la 
450  or  500  feet.    This  is  an  important  distinction. 

In  this  manner,  then,  the  height  of  the  snow-line  above  the  se^-kiel 
can  be  estimated  at  any  proposed  place,  with  any  hypothetical  distri- 
bution of  land  and  sea.  If  a  mountain  rise  a  few  hundred  feet  at  least 
above  the  snow-line,  and  the  configuration  of  its  summit  be  favourable, 
glaciers  will  be  formed  upou  it,  of  which  the  magnitude  will  drpsssd 
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oo  circumstances.  If  large,  we  might  expect  them  to  descend  4000 
or  5000  feet  below  the  snow-line,  and  to  distances  proportionally  less, 
when  the  glaciers  should  be  small. 

As  an  example,  we  may  take  Snowdon,  in  the  case  in  which  the 
Gulf-stream  is  supposed  to  be  absent  from  the  shores  of  western 
Europe,  and  a  large  portion  of  that  continent  submerged  beneath  the 
ocean,  I  have  shown  that  the  temperature  of  Snowdon  would  pro* 
bably  not  exceed  30°  or  40°  F.  Assume  it  39°.  Taking  a  decrease 
of  temperature  of  1°  in  ascending  320  feet,  the  height  of  the  line 
of  32°  would  be  2240  feet.  The  climate  would  be  entirely  an  in- 
sular one,  and  therefore  the  height  of  the  snow-line  would  probably 
not  exceed  that  of  the  line  of  32°  by  more  than  200  or  300  feet.  If 
we  suppose  this  additional  height  to  be  260  feet,  the  absolute  height 
of  the  snow-line  would  be  2500  feet,  or  1000  feet  less  than  that  of 
the  present  summit  of  the  mountain.  If  we  assume  the  mountain 
to  subside  400  or  500  feet  with  the  surrounding  region,  it  would 
still  rise  500  or  600  feet  above  the  snow-tine,  a  height  sufficient  to 
admit  of  the  formation  of  glaciers,  which  might  descend  to  the  level 
of  the  sea.  If,  in  addition  to  the  hypothesis  of  the  absence  of  the 
Gulf-stream,  we  adopt  also  that  of  a  cold  current  from  the  north,  the 
mean  annual  temperature  might  be  reduced  3°  or  4°  F.  lower  thai* 
above  supposed,  which  would  reduce  the  height  of  the  snow-line  to 
1200  or  1500  feet.  This  would  admit  of  the  formation  of  glaciers, 
not  only  on  Snowdon,  but  also  on  the  lower  mountains  of  Ireland. 
And  I  may  here  remark,  that  if  we  can  thus  account  satisfactorily  for 
climatal  conditions  consistent  with  the  existence  of  glaciers  in  the 
south-west  of  Ireland,  the  subject  presents  no  difficulty  with  refer- 
ence to  any  other  part  of  western  Europe,  in  which  we  observe  the 
traces  of  glacial  action. 

For  the  application  of  the  same  method  of  investigation  to  the 
other  hypothetical  cases  of  the  distribution  of  land  and  sea,  I  must 
refer  to  the  memoir  of  which  I  am  speaking.  I  have  selected  the 
above  case,  not  only  because  it  seemed  best  calculated  to  elucidate  the 
subject,  but  also  because  I  consider  it  that  which  has  far  the  highest 
claim  to  our  acceptance  as  the  real  one  of  the  glacial  epoch.  It 
involves,  as  we  have  seen,  the  absence  of  the  Gulf-stream  as  an 
essential  condition,  the  explanation  which  it  affords  of  the  existence 
of  ancient  glaciers  being  rendered  more  complete  by  the  supposition 
of  a  cold  current  from  the  north.  On  these  points  it  remains  for  me 
to  say  a  few  words. 

I  need  scarcely  remind  you  that  the  evidence  of  the  submergence 
of  a  very  large  portion  of  the  North  American  continent  during  the 
Drift-period  is  similar  to  that  for  the  submergence  of  Europe.  A 
subsidence  of  less  than  2000  feet  would  render  the  ocean  continuous 
from  the  Apalachian  chain,  on  the  east,  to  the  Rocky  Mountains  on 
the  west,  and  there  seems  reason  to  believe  that  the  subsidence  may 
possibly  have  attained  to  a  considerably  greater  amount.  Now  it  is 
manifest  that  the  Gulf-stream  is  reflected  in  a  north-easterly  direc- 
tion across  the  Atlantic,  by  the  continent  of  North  America,  which 
arrests  the  north-westerly  course  by  which  the  current  reaches  the 
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Gulf  of  Mexico.  But  when  that  continent  was  submerged,  as  abore 
supposed,  the  current  would  necessarily  continue  its  north-westerly 
course,  and  probably  along  the  foot  of  the  Rocky  Mountains  directly 
into  the  Arctic  Sea.  This  is  the  manner  in  which  I  conceive  the 
Gulf-stream  to  have  been  diverted  from  the  shores  of  western  Europe. 
This  diversion  of  the  current  is  not  to  be  regarded  as  a  mere  hypo- 
thesis adopted  to  account  for  any  particular  fact,  but  as  a  necessary 
consequence  of  that  submergence  of  the  North  American  continent. 

Again,  if  this  enormous  current  discharged  itself  into  the  Arctic 
Sea,  it  would  seem  extremely  improbable  that  it  should  not  ghre  rise 
to  some  great  determinate  counter-current  out  of  that  sea.  Now  it 
appears  highly  probable  that  a  considerable  tract  of  land  must  have 
existed  at  the  period  of  which  we  are  speaking  in  the  present  region  of 
north-eastern  America,  and  Greenland.  If  this  were  the  case,  the  only 
practicable  outlet  for  a  great  current  from  the  Arctic  Sea  would  be 
across  the  submerged  portion  of  northern  Europe,  or  along  the  present 
North  Sea,  between  Greenland  and  Norway ;  for  the  passage  through 
Behrinfg's  Straits,  even  with  a  considerable  subsidence  of  the  land  on 
either  side,  would  be  neither  sufficiently  wide  nor  deep  to  form  a  con- 
siderable outlet.  Under  such  circumstances,  it  would  scarcely  seem 
more  necessary  that  the  Gulf-stream  should  hold  its  original  north- 
westerly course  over  the  submerged  continent  of  America,  than  that 
it  should  complete  its  circuit  by  passing  through  the  Arctic  Sea,  and 
returning  to  the  Atlantic  across  the  submerged  land  of  Europe,  as  it 
now  completes  a  more  circumscribed  circuit  by  being  constrained  to 
pass  along  the  northern  portion  of  the  Atlantic  itself; 

The  effect  of  this  diversion  of  the  Gulf-stream  from  its  present 
course,  would  not  be  less  remarkable  in  elevating  the  temperature  of 
the  northern  shores  of  America  and  Asia,  than  in  reducing  that  of 
western  Europe.  I  have  shown  that  the  mean  annual  temperature 
of  Iceland  is  increased  18°  or  20°  F.,  and  the  January  temperature 
34°,  by  the  influence  of  this  important  current.  Now  the  'tifHrocr 
from  the  Gulf  of  Mexico  to  Behring's  Straits  is  very  little  greater 
than  the  distance  between  that  gulf  and  Iceland,  and  the  passage  of 
the  stream  along  the  flanks  of  the  Rocky  Mountains  would  be  more 
direct,  and  probably  less  impeded  by  counter-currents  than  it  is  at 
present  in  its  transatlantic  course.  There  can  be  no  reasonable  doubt, 
therefore,  of  its  raising  the  temperature  of  the  north-western  coast  of 
America,  from  the  Mackenzie  river  to  Behring's  Straits,  by  an  amount 
at  least  eoual  to  that  by  which  it  now  elevates  the  temperature  of 
Iceland.  Further,  it  is  highly  probable  that  the  principal  course  of  the 
current  in  the  Arctic  Sea  would  not  be  far  from  the  coasts  of  northern 
Asia,  the  temperature  of  which  would  thus  be  affected  in  a  manner 
similar  to  that  of  the  coast  of  America  eastward  of  Behring's  Straits, 
although  in  a  smaller  degree  for  greater  distances  on  the  west  of  the 
Straits.  The  temperature  of  winter  immediately  east  of  the  Ural  Moon- 
tains  would  also  be  considerably  moderated,  as  already  stated,  by  the 
extension  of  the  European  sea  towards  their  western  flanks.  The 
climate  of  the  low  lands  of  northern  Asia  would  thus  differ  from  the 
present  climate  of  that  region,  as  much  as  the  »™»™g  donate  of  the 
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western  coast  of  Norway  differs  from  that  which  would  desolate  that 
region  in  the  absence  of  the  Gulf-stream. 

According  to  this  view  of  the  subject,  the  former  existence  in 
northern  Asia  of  the  immense  numbers  of  large  Mammalia  indi- 
cated by  the  abundance  of  their  fossil  remains  no  longer  presents 
the  slightest  difficulty ;  and  the  theory  receives  a  still  further  con- 
firmation from  an  observation  made  by  Sir  John  Richardson  in  his 
*  Arctic  Searching  Expedition  just  published.  The  author  ob- 
serves, "  The  existence  of  these  numerous  testimonials  of  an  ancient 
fauna  is  suggestive  of  many  curious  speculations,  and  geologists  seem 
hitherto  to  have  failed  in  explaining  the  circumstances  under  which 
accumulations  so  vast  could  occur  in  such  high  latitudes.  The  diffi- 
culty is  increased  when  we  consider  that  these  bones  have  not  been 
detected  to  the  east  of  the  Rocky  Mountains  in  high  latitudes."  This 
increased  difficulty,  however,  is  at  once  removed  by  the  theory  now 
proposed,  for  the  region  in  which  these  remains  are  not  found,  must 
either  have  been  covered  with  the  waters  of  the  ocean  to  the  foot  of 
the  Rocky  Mountains  at  the  period  when  these  Mammalia  occupied 
the  region  to  the  westward,  or,  if  land  existed  on  the  north-east  of 
the  present  American  continent,  it  was  probably  too  cold  to  be  in- 
habited by  them.  Their  disappearance  from  the  country  bounding 
the  Arctic  Sea,  from  the  Rocky  Mountains  to  the  Ural,  would  be  the 
consequence  of  the  withdrawal  of  the  Gulf-stream  from  the  more 
eastern,  and  of  the  European  ocean  from  the  more  westerly  portion  of 
that  region.  Fossil  plants  also,  belonging  to  a  comparatively  warm 
climate,  have  been  found  east  of  the  Rocky  Mountains,  on  the  coast 
of  the  North  Sea ;  and  extensive  beds  of  lignite  exist  along  the  eastern 
flank  of  those  mountains.  So  far  as  these  phcenomena  may  be  of 
Pleistocene  origin,  they  may  be  at  once  accounted  for  by  this  theory. 
Its  more  complete  verification  must,  however,  be  left  to  future  obser- 
vation. It  will  not  fail,  I  hope,  to  attract  the  attention  of  American 
geologists. 

I  have  now,  Gentlemen,  completed  my  review  of  those  papers  which 
have  been  brought  before  us  during  my  year  of  office,  bearing  upon 
the  phssnomena  of  the  Drift,  and  the  causes  to  which  its  dispersion 
is  to  be  referred.  This  discussion  has  occupied  too  much  time  to 
leave  room  for  extended  remarks  on  papers  relating  to  other  branches 
of  our  science.  Some  of  them,  however,  are  too  important  to  be 
passed  over  in  silence. 

The  first  of  these  papers  to  which  I  shall  call  your  attention  is  an 
excellent  paper  by  Captain  Strachey,  which  gives  us  a  section  of  the 
Himalaya  chain  far  more  complete  than  any  we  have  hitherto  pos- 
sessed. It  will  be  recollected  that  this  magnificent  chain  extends 
through  a  length  of  more  than  2000  miles,  comprising  1500  miles  of 
continuous  range  between  the  points  at  which  the  Brahmapootra  and 
the  Indus  break  through  it  in  deep  transverse  gorges.  The  section 
given  by  Captain  Strachey  is  somewhat  to  the  west  of  the  centre 
of  this  range,  and  lies  about  the  30th  degree  of  north  latitude  and 
the  80th  of  east  longitude.  The  Kali,  a  tributary  of  the  Ganges, 
*  VoLii.  p.  210. 
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rises  on  the  south  side  of  the  range  of  which  we  have  here  the  section, 
and  the  Sutlej  in  the  deep  longitudinal  valley  on  the  northern  side, 
the  distance  between  the  points  at  which  they  leave  the  mountains 
being  about  200  miles.  It  is  to  a  portion  of  this  intervening  district, 
extending  from  the  northern  boundary  of  the  plains  of  India  for  about 
120  miles  in  breadth,  that  the  observations  of  the  author  have  been 
principally  restricted.    The  section  runs  S.S.W.  to  N.N.E. 

The  southern  extremity  of  this  section  meets  the  great  plain  of 
India  at  an  elevation  of  1200  feet  above  the  sea,  the  maximum  height 
of  the  plain.  It  here  constitutes  the  watershed  between  the  valleys  of 
the  Indus  and  the  Ganges.  It  seems  scarcely  conceivable  that  the 
deposits  of  this  plain  should  be  otherwise  than  marine,  although  the 
opinion  has  not  yet  been  confirmed,  it  seems,  by  the  discovery  of 
marine  remains.  The  Siwalik  Hills,  forming  a  sub-Himalayan  range, 
appear  to  extend  almost  uninterruptedly  from  the  Sutlej  to  the  meri- 
dian of  Calcutta.  Alone  the  line  of  section  they  dip  towards  the 
mountains  at  an  angle  of  about  5°.  The  author  could  not  discover 
any  fossils  which  might  determine  their  age  more  definitely  than 
has  been  done  already  by  the  discoveries  of  Dr.  Falconer  and  Captain 
Cautley. 

Proceeding  further  N.W.,  Captain  Strachey  finds  a  series  of  old 
non-fossiliferous  rocks  of  enormous  thickness,  reaching  generally  the 
height  of  14,000  feet.  They  consist  of  metamorphic  beds,  crystallise 
schists,  limestones,  conglomerates,  &c,  and  are  for  the  most  part 
distinctly  stratified.  The  mean  strike  appears  to  coincide  accurately 
with  the  direction  of  the  chain ;  the  dip  is  most  frequently  inwards, 
N.N.W.,  although  with  not  unfrequent  instances  of  exactly  the 
opposite  dip.  The  whole  thus  presents  a  series  of  anticlinal  and 
synclinal  lines ;  but  with  the  portions  of  the  beds  dipping  S.S.W. 
much  shorter,  estimated  in  the  direction  of  the  section,  than  those 
dipping  N.N.E.  All  the  great  lines  of  eruptive  rock  appear  to  coin* 
ride  with  the  direction  of  the  strike  of  the  beds. 

At  the  height  of  about  14,000  feet,  the  author  came  upon  a  series 
of  fossiliferous  strata,  which  are  clearly  proved  by  the  fossils  to  be 
Lower  Silurian.  A  list  is  given  of  a  considerable  number  of  the  fos- 
sils, which  have  been  identified  with  the  characteristic  fossils  of  those 
strata  in  our  own  region.  The  author  could  only  verify  the  existence 
of  these  beds  for  about  50  miles  longitudinally ;  but  there  can  be  no 
doubt  of  their  wide  development  along  this  magnificent  range.  Their 
height  in  this  part  of  it  appears  to  be  from  14,000  to  18,000  or 
20,000  feet. 

These  Palaeozoic  beds  seem  to  be  terminated  along  the  line  of  sec* 
tion  by  a  great  fault,  to  which  succeed  beds  with  the  character  of  the 
Muschelkalk  of  Europe.  Here  a  considerable  number  of  shells  was 
found,  among  which  were  Ceratites,  Goniatitet,  Jmmomt**,  Spiri* 
fer,  Pecten,  Terebrahtla,  and  PAoUutomya.  The  relative  position  of 
these  beds,  however,  with  reference  to  the  beds  below,  was  not  so 
well  made  out  as  in  other  cases.  In  ascending  order,  beds  come  next 
which  appear  to  represent  the  Jurassic  series,  but  the  representative 
of  the  Lias  appeared  to  be  wanting.    Above  these  again  are  dark- 
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coloured  shales,  which  Prof.  Forbes  pronounces,  on  examining  the 
fossils,  to  be  unequivocally  of  the  age  of  our  Oxford  Clay.  A  pecu- 
liar and  characteristic  form  of  Ammonite  found  here  has  also  been 
discovered  in  Cutch  and  Scinde. 

But,  as  Captain  Strachey  has  remarked,  the  most  striking  and 
novel  feature  in  this  section  is  the  existence  of  a  great  Tertiary  de- 
posit at  the  height  of  14,000  or  16,000  feet  above  the  sea.  These 
beds  form  the  surface  of  a  plain,  about  120  miles  long,  and  from  15 
to  60  miles  wide,  on  the  high  land  lying  on  the  northern  side  of  the 
watershed  from  which  the  waters  descend  to  the  Ganges  on  the  south, 
and  into  the  Sutlej  on  the  north.  Towards  its  western  end,  the  latter 
river  has  cut  a  ravine  to  the  depth  of  nearly  3000  feet.  The  section 
made  by  this  and  similar  ravines  enables  the  observer  to  see  the 
nature  of  the  beds  and  their  stratification.  They  consist  of  boulders, 
gravel,  and  finer  argillaceous  or  arenaceous  matter,  horizontally 
stratified. 

That  these  beds  belong  to  the  Tertiary  period  appears  to  be  proved 
beyond  doubt  by  the  remains  of  several  of  the  large  Mammalia  of 
that  period.  Unfortunately,  however,  these  remains  are  too  imperfect 
to  admit  of  their  being  identified  with  those  of  the  Siwalik  Hills.  At 
present,  therefore,  we  have  very  imperfect  data  for  judging  of  the 
particular  part  of  the  Tertiary  period  to  which  these  remains  may 
belong.  There  is  also  another  important  point  still  in  doubt.  There 
is  no  evidence  at  present  to  decide  whether  this  deposit  is  marine  or 
freshwater.    The  author  inclines  to  the  opinion  that  it  is  marine. 

It  is  not  too  much,  I  think,  to  say  of  this  section,  that  it  is  the 
most  magnificent  one  which  geologists  have  ever  had  presented  to 
them  from  one  locality.  It  embraces  an  enormous  series  of  the  lower 
non-fossiliferous  strata,  distinctly  stratified,  a  large  Palaeozoic  series, 
together  with  an  equally  important  development  of  secondary  strata, 
with  a  singularly  striking  approximation  to  absolute  order  of  super- 
position ;  nor  can  I  conceive  a  section  better  adapted  to  silence  the 
geological  sceptic  as  to  the  immense  revolutions  which  our  globe  has 
undergone,  or  the  enormous  periods  of  time  which  have  been  neces- 
sary to  effect  them.  We  have  here  a  sketch  of  a  noble  picture  for 
the  geological  eye ;  and,  although  its  details  may  never  be  filled  up 
in  our  day,  we  may  still  contemplate  it  in  our  imagination,  and  recog- 
nize its  importance.  I  rejoice  in  this  opportunity  of  expressing  my 
own  sense,  and,  I  feel  sure,  not  less  the  sense  which  you  also  enter- 
tain, of  the  valuable  service  which  Captain  Strachey  has  rendered  us. 
Nor  can  I  help  commending  him  for  the  modesty,  as  well  as  for  the 
perspicuity  with  which  he  has  given  the  details  of  his  paper.  We 
may  envy  him  the  interest  which  must  have  attached  to  his  researches 
in  so  novel  a  field  of  geological  inquiry,  and  the  views  of  nature  in  the 
magnificent  aspects  under  which  she  must  often  present  herself  in 
these  varied,  but  often  wild  and  desolate  regions ;  but  we  must  recol- 
lect, Gentlemen,  that  these  regions  can  only  be  approached,  for  the 
purposes  of  detailed  research,  with  the  sacrifice  of  personal  comfort, 
and  a  subjection  to  physical  labour,  and  frequently  to  physical  suf- 
ering,  which  many  would  be  unable  to  bear,  and  few  are  willing  to 
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undergo  in  the  research  of  scientific  truth.  The  man  who  does  thus 
submit  to  hardships  and  privations,  and  almost  without  an  allusion 
to  them  by  himself,  has  surely  a  just  claim,  on  an  occasion  like  the 
present,  to  all  due  praise,  not  only  for  the  merit  of  his  researches, 
but  also  for  the  modesty  with  which  he  has  described  them. 

It  may,  perhaps,  appear  somewhat  premature  to  enter  noon  any 
theoretical  discussion  of  the  phenomena  of  a  region  with  which  we 
are  at  present  so  imperfectly  acquainted  ;  but  the  indications  of  de- 
terminate laws  in  the  phenomena  of  elevation  are  so  distinct,  that 
what  may  now  be  merely  matter  of  inference,  will,  I  doubt  not, 
be  hereafter  verified  as  matter  of  observation.  As  far  as  Captain 
Strachey's  observations  extended,  he  found  that  the  directions  of  all 
the  great  longitudinal  valleys,  faults,  anticlinal  and  synclinal  lines, 
lines  of  eruptive  matter,  &c.  coincided  with  the  general,  strike  of  the 
beds ;  while  the  transverse  valleys  coincide  eoually  with  the  direc- 
tion of  the  dip.  I  need  scarcely  remind  you  that  this  is  the  law  de- 
duced from  the  theory  which  rests  on  the  supposition,  as  its  funda- 
mental hypothesis,  of  the  simultaneous  action  of  an  upheaving  force 
at  every  point  of  the  area  over  which  the  phsenomena  of  elevation 
preserve  a  certain  character  of  continuity.  And  here  I  would  ob- 
serve that  it  is  destructive  of  all  just  conception  of  this  dynamical 
theory  to  suppose  the  elevating  force  to  have  acted  along  the  line*  of 
dislocation,  as  if  distinct  forces  had  been  necessary  to  produce  each 
separate  dislocation  ;  whereas  the  upheaving  force,  although  it  may 
have  acted  with  different  degrees  of  intensity  at  different  points,  is 
not  necessarily  assumed  to  have  done  so.  It  may  have  been,  like  the 
pressure  of  a  perfect  fluid,  equal  at  every  point.  Thus  the  elevated 
mass,  fixed  at  the  horizontal  boundary,  within  which  the  elevating 
force  is  supposed  to  act,  becomes  stretched,  and  is  ultimately  torn  and 
fissured  in  those  directions  in  which  the  tendency  thus  to  tear  it 
is  greatest,  or  rather  bears  the  greatest  ratio  to  the  power  of  resist- 
ance. It  is  thus  that  the  complex  phsenomena  of  elevation  become 
referable  to  a  general  and  simple  mechanical  cause,  and  not  to  a 
mode  of  action  as  complex  as  the  phsenomena  themselves,  as  would 
be  the  case  if  each  particular  line  of  dislocation  were  due  to  the 
action  of  an  espeeial  force  along  that  line. 

The  boundary  of  a  district,  which  is  supposed  to  be  thus  simul- 
taneously elevated,  is  not  necessarily  defined  by  those  existing  phy- 
sical features  which  might  seem  at  first  sight  to  define  it.  Thus,  if 
we  take  the  great  ridee  of  our  own  country,  from  Derbyshire  to  Nor- 
thumberland, we  find  that,  generally,  the  country  on  the  lower  or 
western  side  of  the  accompanying  faults  is  far  more  dislocated  and 
disturbed  than  the  elevated  or  eastern  side.  In  such  cases  I  consider 
the  first  movement  of  disturbance  to  have  been  one  of  elevation,  suc- 
ceeded by  an  immediate  subsidence  of  the  lower  side  of  the  district, 
for  want  of  sufficient  support  to  maintain  it  in  its  more  elevated  posi- 
tion. It  is  in  this  subsidence  that  I  conceive  the  effects  of  all  that 
lateral  crushing  to  have  faen  produced,  which  has  so  frequently 
given  the  strata  subjected  to  it  vertical  or  even  reversed  positions,  or 
folded  and  crumpled  them  into  such  mngtilar  contortions ;  for  it  is 
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demonstrable  that  in  this  manner  horizontal  pressure  may  be  called 
into  action,  indefinitely  greater  than  the  vertical  forces  necessary  to 
raise  the  elevated  mass.  Hence  it  is  that  the  subsided  portion  ap- 
pears to  be  frequently  more  broken  and  confused  than  that  which 
retains  its  elevated  position.  But,  according  to  this  view,  the  elevated 
ridge  which  might  appear  to  form  the  physical  boundary  of  the 
disturbed  district  would,  in  fact,  be  its  central  axis,  as  I  conceive  it 
to  be  in  the  example  above  quoted  in  our  own  country.  In  like 
manner,  I  think  it  highly  probable  that  the  older  beds  subjacent  to 
the  modern  deposit  of  the  great  plain  of  India,  immediately  on  the 
south  of  the  Himalayas,  could  they  be  examined,  would  be  found 
far  more  broken  and  disturbed  than  those  which  constitute  the  ranee 
itself.  And  in  fact  indications  of  this  kind  have  been  incidentally 
noticed  in  the  nearly  vertical  position  of  some  of  the  older  slate- 
rocks  observed  by  Major  Vicary  in  the  Punjaub*.  And  thus,  at 
present,  I  regard  the  chain  of  the  Himalayas  as  the  axis  of  a  disturb- 
ance probably  of  3000  miles  in  length,  and  of  which  the  breadth,  not 
yet  determined,  is,  in  all  probability,  comparatively  small.  Such  a 
district,  according;  to  this  theory,  would  necessarily  be  characterized 
by  longitudinal  faults,  valleys,  anticlinal  lines,  &c,  intersected  by 
transverse  faults,  valleys,  river-gorges,  &c,  such  as  appear  to  exist  in 
this  range  so  far  as  it  is  known.  I  must  not  be  understood,  how- 
ever, as  appealing  to  this  district  in  confirmation  of  my  theoretical 
views ;  our  knowledge  of  it  is  far  too  imperfect  to  admit  of  such 
appeal.  I  have  here  stated  these  views,  not  as  confirmed  in  this 
application  of  them  by  observations  already  made,  but  merely  as 
suggested  by  those  observations,  and  as  anticipatory  of  those  which 
will  be  made  hereafter. 

In  the  consideration  of  the  movements  which  have  given  to  any 
geological  district  its  existing  internal  conformation,  and  its  external 
configuration,  so  far  as  it  depends  on  the  disturbed  positions  of  its 
component  beds,  it  should  be  always  borne  in  mind  that  those  move- 
ments may  possibly  have  been  long  anterior  to  other  movements 
which  may  have  been  less  disruptive,  perhaps  less  paroxysmal,  and 
possibly  of  wider  extent,  but  more  effective,  in  the  aggregate,  in 
giving  elevation  above  the  level  of  the  sea.  These  two  series  of 
movements,  although  probably  intimately  connected  as  to  their  phy- 
sical causes,  may  have  very  distant  relations  to  each  other  with  refer- 
ence to  time.  The  existence  of  Tertiary  beds  at  the  enormous  height 
of  those  recognized  by  Captain  Strachey  in  the  Himalayas  is  itself 
surprising ;  the  disturbed  horizontally  of  the  beds  makes  it  much 
more  so  ;  and  if  their  marine  origin  should  be  hereafter  established, 
it  will  be  unquestionably  one  of  the  most  curious  and  striking  facts 
that  geology  has  revealed  to  us  respecting  the  movements  of  the 
crust  of  our  globe.  Its  deposition  after  the  surrounding  mountains 
had  acquired  their  general  external  relief  and  internal  conformation, 
I  presume  to  be  fully  proved  by  the  want  of  conformability  of  strati- 
fication;  but  notwithstanding  the  possible  independence,  in  time,  of 
the  disruptive  movements,  and  those  which  gave  elevation  to  the 
*  Quart.  Journ.  Geol.  Soc.,  vol.  vii  p.  44. 
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general  mass,  the  subsequent  upheaval  of  the  whole  chain  to  the 
height  of  13,000  or  14,000  feet,  not  only  without  dislocating  these 
Tertiary  strata^  but  without  even  destroying  their  horiiontahty,  ap- 
pears to  be  so  improbable,  that  we  ought  not  to  adopt  the  conduskm, 
and  much  less  ought  we  to  make  it  the  foundation  of  other  reason- 
ings, until  the  marine  origin  of  these  strata  is  established  by  decisive 
evidence.  The  further  investigation  of  their  age,  structure,  and  cha- 
racters will  be  full  of  interest,  and  may  enable  us  to  draw  the  most 
important  conclusions  as  to  the  nature  of  the  movements  which  have 
resulted  in  the  formation  of  this  grandest  physical  feature  which  the 
surface  of  our  globe  presents  to  us. 

On  the  geology  of  the  Palaeozoic  rocks  several  papers  have  been 
presented  to  us  in  the  course  of  the  year.  Sir  R.  I.  Murchison  has 
given  us  one  "  On  the  Silurian  Rocks  of  the  8outh  of  Scotland," 
and  Mr.  Harkness  another  on  the  similar  rocks  of  Dumfriesshire  and 
Kirkcudbrightshire.  Professor  Sedgwick  has  given  us  a  paper  "  On 
the  Slate  Rocks  of  Devon  and  Cornwall ;"  and  another  "  On  the 
Lower  Palaeozoic  Rocks  of  Westmoreland  and  Yorkshire."  Mr.  D. 
Sharpe  has  also  read  a  communication  "On  the  Quarts  Rock  of 
Macculloch's  Map  of  Scotland." 

Both  these  last-named  gentlemen  have  announced  their  intention 
of  making  further  communications  to  us  on  subjects  nearly  allied  to 
those  of  their  respective  papers  just  mentioned,  and  therefore,  since 
the  views  of  these  two  able  geologists  on  these  subjects  are  at  present 
but  imperfectly  before  us,  I  shall  postpone  any  remarks  upon  them 
until  a  future  opportunity.  There  is  one  subject,  however,  of  too 
much  immediate  interest  to  be  passed  over  in  silence,  I  allude  to  the 
discovery  of  Reptilian  Foot-prints,  and  that  of  the  skeleton  of  a  Rep* 
tile  in  rocks  belonging  to  these  ancient  formations.  The  fossil  Reptile 
is  from  the  Old  Red  Sandstone  of  Morayshire,  and  was  obtained  by 
Mr.  Patrick  Duff,  and  described  by  Dr.  Mantell  at  one  of  our  late 
meetings4",  under  the  name  of  the  Telerpeton  Elgin  en*?.  As  the 
paper  containing  this  description  has  not  yet  appeared  in  print,  I 
nave  been  favoured  by  Dr.  Mantell  with  the  following  description  of 
this  beautiful  specimen,  as  well  as  of  the  foot-prints  which  have  been 
observed  by  Captain  Lambart  Brickenden  on  a  slab  of  the  same  rock* 

"The  specimen  consists  of  the  distinct  impression  of  the  entire 
skeleton  of  a  four-footed  reptile,  about  6  or  7  inches  in  length.  The 
skull  is  crushed  and  partially  enveloped  in  the  stone,  so  that  Ha 
normal  characters  cannot  be  determined ;  and  the  imprints  of  the 
feet  are  concealed.  The  structure  of  the  vertebral  column,  the  form 
of  the  pelvis,  as  indicated  by  the  imprints,  and  the  slenderness  of 
the  ribs  resemble  in  many  respects  those  of  certain  Batrachians,  while 
the  form  of  the  extremities,  the  length  of  the  ribs,  and  the  relative 
proportions  of  the  general  form  of  the  skeleton  are  nearly  allied  to 
flu*  Lacertian  modification  of  structure.  The  original  animal  was  a 
II  air-breathing  reptile,  probably  resembling  in  its  aspect  the 
Tritons  or  Aquatic  Salamanders,  but  with  a  wider  dorsal  region  and 

The  same  fossil  hu  also  been  described  br  Prof.  Owen,  in  the  Literary 
t  .uHte  of  December  20,  1851,  under  the  name  oi  btptopkm  m  Imetrtmmm 
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longer  limbs,  and  with  a  wide,  laterally  compressed  tail :  its  habits 
were  probably  aquatic. 

"  The  quadrupedal  foot-tracks  discovered  by  Capt.  Lambart  Brick- 
enden,  resemble  those  usually  ascribed  to  terrestrial  or  lacustrine 
Chelonians. 

"  The  Stagonolepis  Bobertsoni,  Agassiz,  the  only  other  organism 
found  in  the  same  rock,  is  a  ganoid  fish,  with  sculptured  scales,  closely 
resembling  the  Old  Red  Sandstone  genus  Glyptopomus,  Agass." 

You  will  also  recollect  that  Mr.  Lo^an  has  communicated  to  us 
during  the  past  year  a  notice  of  the  discovery  of  foot-prints  in  the 
Potsdam  Sandstone  of  North  America.  Prof.  Owen  considers  them 
to  be  either.  Batrachian  or  Chelonian.  These  are  facts  of  especial 
interest,  as  indicating  the  existence  of  vertebrate  animals  in  an  early 
portion  of  the  Silurian  period.  Mr.  Logan  has  recently  brought 
over  from  Canada  some  large  slabs  with  the  foot-marks  upon  them, 
and  an  extensive  series  of  casts  of  others,  now  exhibited  in  the  Mu- 
seum of  our  Society.  The  removal  of  slabs  of  such  magnitude  has 
not  been  accomplished  without  considerable  expense  and  great  labour ; 
and  we  are  bound  to  express  to  Mr.  Logan  our  obligation  to  him  for 
the  zeal  and  energy  he  has  shown  in  thus  placing  these  magnificent 
specimens  within  our  reach. 

The  discovery  in  a  single  year  of  so  much  incontrovertible  evidence 
of  the  extension  of  reptilian  remains  into  some  of  the  lowest  fossili- 
ferous  strata  is  very  remarkable,  and  calculated  to  add  greatly  to  the 
interest  of  the  discussion  of  the  theory  of  the  progression  of  organic 
forms  during  successive  geological  epochs,  which  has  lately  occupied 
the  minds  of  geologists. 

It  will  be  recollected  that  the  advocates  of  the  doctrine  of  progres- 
sion, as  well  as  the  distinguished  geologist  who  has  been  their  princi- 
pal opponent,  distinctly  repudiate  the  idea  of  the  progression  here 
spoken  of  involving  any  notion  of  the  transmutation  of  species,  a 
theory  to  which,  as  you  well  know,  they  have  been  most  strongly 
opposed.  They  merely  assert  their  belief  that  there  has  been  upon 
the  whole  "  a  gradual  ascent  towards  a  higher  type  of  being*,"  from 
the  earliest  to  the  latest  geological  periods.  They  would  also  con- 
tend for  a  certain  progression  in  the  physical' state  of  our  planet,  "  a 
gradual  improvement  in  the  style  ana  character  of  the  dwelling-place 
of  organized  beings  f."  These  are  the  propositions  which  your  late 
distinguished  President  combated  in  the  two  Addresses  which  he 
delivered  from  this  chair. 

It  would  be  absurd  to  contend  that  either  the  first  of  these  pro- 
positions or  its  negative  have  been  yet  established  by  demonstrative 
evidence.  The  advocate  of  progression  can  only  reason  on  the  con- 
fessedly imperfect  evidence  wnich  we  at  present  possess  respecting  the 
extent  and  variety  of  organic  beings  which  existed  at  the  earliest  geo- 
logical period  to  which  we  can  refer  the  organic  remains  with  which 
we  are  acquainted ;  and  so  far  as  his  opponent  proves  to  us  more 
xJearly  the  incompleteness  of  this  evidence,  and  thus  inspires  us  with 

*  Prof.  Sedgwick, '  Discourse  on  the  Studies  of  Cambridge/  Preface,  p.  cliv. 
t  Mr.  Hugh  Miller, 4  Foot-prints  of  the  Creator.' 


Ixxii 


PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY. 


due  caution  in  forming  our  opinions,  he  renders  service  to  the  sound 
progress  of  speculative  views  on  the  subject.  But  if  he  goes  further 
than  this,  and  asserts  the  truth  of  the  opposite  proposition,  he  places 
himself  in  a  position  at  least  as  untenable  as  that  which  be  combats. 
If  land  existed  when  the  earth  first  became  the  abode  of  animate 
beings,  it  would  seem  probable  that  animals  adapted  for  such  a 
dwelling-place  should  have  been  then  created,  and  possibly  in  much 
greater  numbers  than  the  organic  remains  of  the  earlier  geological 
periods  might  at  present  seem  to  indicate ;  nor  need  we  be  surprised 
at  any  future  discoveries  tending  to  support  this  view.  Every  fresh 
discovery  like  those  above  mentioned  brings  us  a  step  nearer  to  that 
ultimate  limit  to  which  our  evidence  can  finally  hereafter,  attain ;  but, 
even  if  we  make  many  more  such  additional  steps,  we  must  still  be 
cautious  how  we  adopt  the  opinion  that  that  limit  will  indicate  an  abso- 
lute equality  between  the  organization  of  the  earliest  created  beings 
and  those  which  now  exist, — exclusive,  Fmean,  of  man,  whose  recent  in- 
troduction on  the  earth  is  admitted  equally  by  the  contending  parties. 
It  is  not  here  my  purpose  to  advocate  the  one  view  or  the  other  in 
mere  especial  reference  to  organized  beings,  or  to  analyse  the  evidence 
which  has  been  adduced  with  so  much  ability  both  in  favour  of  the 
doctrine  of  progression  and  in  opposition  to  it ;  but  to  insist  on  that 
philosophic  caution  and  reserve  which  may  leave  us  unshackled  in 
our  future  speculations,  and  free  to  modify  our  opinions  so  far  as 
future  evidence  may  call  upon  us  to  do  so. 

So  long  as  we  restrict  our  speculations  on  the  question  of  progres- 
sion to  organic  life,  we  are  in  no  danger  of  adopting;  ooodusioos  in- 
consistent with  what  we  know  of  the  operation  of  natural  causes, 
because  we  are  ignorant  of  those  laws  by  which  the  succession  of 
organic  life  has  been  regulated  since  its  introduction  on  the  earth. 
Progression  in  organic  structure,  or  the  entire  absence  of  it,  may,  for 
aught  we  know,  he  perfectly  consistent  with  those  laws.  But  the 
operations  of  nature  have  revealed  much  more  to  us  respecting  the 
laws  which  have  been  appointed  for  the  government  of  the  inorganic 
world,  and  it  becomes  us  to  examine  how  far  these  laws  may  be  con- 
sistent with  the  doctrine  of  non-progression  in  its  application  to  the 
inorganic  matter  of  our  planet,  or  how  far  they  indicate  a  necessary 
tendency,  in  the  language  above-quoted,  to  "  a  gradual  improvement 
in  the  style  and  character  of  the  dwelling-place  of  organized  beings." 

And  here  I  would  remark  that  the  doctrine  of  non-progressioo,  in 
the  sense  in  which  I  use  the  term,  is  independent  of  that  theory 
which  would  attribute  all  geological  phenomena  to  causes  acting  with 
no  greater  intensity  than  those  of  which  we  now  witness  the  opera- 
tion around  us.  By  progrtttion,  as  applied  to  the  inorganic  matter 
composing  our  planet,  I  understand  a  change,  continuous  or  discon- 
tinuous, by  which  that  matter  has  passed  in  the  long  process  of  time 
from  a  primitive  to  its  present  condition,  and  may  still  pass  to  aotne 
ultimate  and  different  state,  a  change  by  which,  regarded  in  more 
especial  reference  to  the  question  before  us,  the  surface  of  the  earth 
has  been  rendered  more  fit  for  the  habitation  of  the  higher  orders  of 
organized  beings.   This  permanent  change  of  state  may  hare  ben 
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effected  or  accompanied  by  either  paroxysmal  or  gradual  and  uniform 
action  of  the  forces  which  have  modified  the  earth's  surface.  By 
non-progression  I  understand,  not  the  absence  of  periodically  recur- 
ring changes,  but  of  that  permanent  change  above  mentioned.  The 
periodical  changes  in  this  cas*e,  equally  with  the  permanent  changes 
of  the  former  case,  may  hare  been  produced  or  accompanied  by  either 
paroxysmal  or  uniform  action.  The  theory  of  non-progression  is 
essentially  different  from  the  theory  of  uniformity ;  and  thus  while 
we  might  allow  the  justice  of  the  appeal  to  the  Alps,  made  by  my 
distinguished  predecessor  in  this  chair,  in  proof  of  non-progression  as 
indicated  by  an  apparent  equality  of  intensity  in  the  more  recent  and 
the  more  remote  geological  action,  we  might  reject  the  appeal  if  made 
to  prove  that  the  forces  which  elevated  the  Alps  were  of  no  greater  in- 
tensity than  those  which  have  been  in  action  during  the  historic  period. 

It  is  not  then,  I  conceive,  to  the  phenomena  of  elevation,  or  of 
denudation  and  deposition,  as  indicating  more  or  less  of  paroxysmal 
or  tranquil  action,  that  we  must  look  for  any  demonstrative  evidence 
to  decide  the  question  before  us.  But  there  is  one  most  important 
agent  which  has  doubtless  been  most  active,  not  only  in  producing 
the  phenomena  of  elevation,  but  also  in  modifying  the  characters  of 
the  inorganic  matter  composing  the  crust  of  the  globe,  and  it  is  ex- 
tremely difficult  to  conceive  how  the  activity  of  that  agent  can  have 
consisted  with  non-progression.  The  agent  I  speak  of  is  heat.  I 
assume  the  truth  of  the  simple  proposition,  that  if  a  mass  of  matter, 
such,  for  instance,  as  the  earth  with  its  waters  and  its  atmosphere, 
be  placed  in  space  of  which  the  temperature  is  lower  than  its  own, 
it  will  necessarily  lose  a  portion  of  its  heat  by  radiation,  until  its 
temperature  ultimately  approximates  to  that  of  the  circumambient 
space,  unless  this  reduction  of  temperature  be  prevented  by  the  con" 
tinned  generation  of  heat.  If  there  be  any  propositions  in  experi- 
mental science  which  may  be  deemed  incontrovertible,  this,  I  con- 
ceive, is  one  of  them.  Now  we  know  that  the  interior  temperature 
of  the  earth  is  higher  than  that  of  its  surface ;  and,  in  order  that 
this  state  of  terrestrial  temperature  may  be  consistent  with  non-pro- 
gression, it  must  either  be  a  permanent  state,  or  must  belong  to  a 
series  of  changes  recurring  periodically,  but  producing  no  permanent 
change  or  progression  from  a  higher  primitive  to  a  lower  ultimate 
temperature.  If  the  present  temperature  be  permanent,  it  must  be 
maintained  by  some  cause  constantly  acting  within  the  earth  and 
generating  a  quantity  of  heat  exactly  equal  to  that  which  is  lost  by 
radiation  into  surrounding  space.  No  external  cause,  such  as  solar 
or  stellar  radiation,  could  produce  an  absolutely  constant,  stationary 
temperature,  which  should  increase  in  descending  beneath  the  earth  s 
surface.  Chemical  action  might  produce  this  effect,  possibly,  for  a 
finite  time,  but  philosophers,  I  imagine,  would  no  more  believe  that 
or  any  other  internal  cause  capable  of  producing  such  an  effect  for 
an  infinite  time,  than  they  would  believe  in  perpetual  motion,  in  the 
ordinary  sense  of  the  expression.  I  cannot  conceive,  therefore,  the 
present  state  of  terrestrial  temperature  to  be  &  permanent  state.  Can 
it  belong  to  a  perpetually  recurring  series  of  changes?   I  would 
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reply,  that  no  internal  cause  could  account  for  any  such  infinite  re- 
currence, more  than  for  unlimited  permanence  of  temperature.  Such 
infinite  recurrence  could  only  he  attributed  to  the  external  causes — 
solar  and  stellar  radiation.  If  to  the  former,  the  quantity  of  heat  ra- 
diating from  the  sun  must  be  subject  to  enormous  periodical  change*, 
but  still  without  permanent  diminution ;  if  to  the  latter,  it  might  be 
attributed  either  to  similar  periodical  changes  in  the  radiation  of  the 
stars,  or  more  probably  to  a  change  in  the  position  of  the  solar  system 
with  reference  to  them,  as  I  have  explained  in  my  paper  on  Terrestrial 
Temperature.  But  we  shall  probably  all  agree  in  regarding  such 
hypotheses  as  extremely  unsatisfactory,  and  utterly  unfit  to  be  made 
the  foundation  on  which  a  great  speculative  theory  may  rest.  But 
however  unsatisfactory  they  may  be,  I  repeat  Jthat  we  have  no  other 
alternative  but  that  of  adopting  one  of  them,  consistent  with  the 
most  fundamental  properties  of  heat,  if  we  maintain  the  theory  of 
non-progression  in  the  strict  sense  in  which  I  have  used  the  term. 
And,  having  placed  the  theory  in  this  point  of  view,  I  might  leave 
it  there,  without  venturing  into  those  speculations  which  assume  the 
properties  of  the  matter,  constituting  the  stellar  universe,  to  be  the 
same  as  those  which  characterise  the  matter  of  our  planet.  Views 
founded  on  such  assumptions  ought  to  be  advanced  with  diffidence, 
and  held  with  cautious  reserve  ;  but  if,  with  such  reservation,  we  as* 
sume  the  sun  and  the  stars  to  have  the  same  properties  as  our  own 
planet,  with  respect  to  the  generation  and  emission  of  heat,  we  must 
conclude  that  those  bodies  must  be  subject  to  permanent  changes  of 
temperature,  as  well  as  the  earth  itself,  from  the  effect  of  radiation. 
In  such  case  even  solar  and  stellar  radiation  must  necessarily  fail  to 
preserve  the  earth  from  that  permanent  change  of  temperature  which 
would  constitute  essentially  a  state  of  progression.  In  fact,  adopting 
the  assumption  just  stated  respecting  tne  nature  of  the  sun  and  stars, 
and  reasoning  from  all  we  know  of  the  properties  of  matter  and  of 
heat,  I  am  unable  in  any  manner  to  recognize  the  seal  and  impress  of 
eternity  stamped  on  the  physical  universe,  regarded  as  subjected  to 
those  laws  alone  by  which  we  conceive  it  at  present  to  be  governed. 

The  rejection  of  the  doctrine  of  progression,  both  with  respect  to 
animate  beings  and  inanimate  matter,  would  seem  to  lead  almost 
necessarily  to  the  opinion,  that  the  sequence  of  periodical  changes, 
similar  to  those  which  have  happened  within  the  period  of  which  we 
can  trace  the  geological  history,  has  been  of  infinite  duration.  It 
would  appear  to  involve  the  rejection  of  the  notion  of  a  beginning  of 
the  actual  physical  condition  of  our  planet.  If  not,  tltc  earth  must 
have  been  created  at  once,  at  some  unite  distance  of  time,  as  fit  a 
dwelling-place  for  organic  beings,  as  it  has  been  rendered,  according 
to  the  theory  of  progression,  only  by  a  long  series  of  superficial  ope- 
rations. In  other  words,  phenomena  must  have  existed  as  the 
immediate  act  of  creation,  and  anterior  to  the  operation  of  physical 
causes,  which  it  is  the  very  essence  of  geology  to  account  for  by  re- 
ference to  those  causes.  *Th\s  would  be  to  sap  the  foundations  on 
which  alone  geology  can  rest  as  a  physical  science. 

I  would  again,  Gentlemen,  carerully  remind  you  that  I  hare  beta 
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discussing  these  theories  withfeference  to  my  own  definitions  of  the 
terms  which  designate  them,  and  which  others  may  not  have  accepted 
in  the  same  rigorous  sense.  Still  I  believe  that,  if  they  are  to  bear 
a  determinate  meaning,  they  must  ultimately  be  received  in  the  sense 
which  I  have  assigned  to  them.  In  that  sense,  leaving  the  question 
entirely  open  respecting  the  organic  creation  to  be  decided  by  future 
research,  I  feel  it  impossible  to  adopt  any  other  view  than  that  of 
progressive  development  of  inorganic  matter  from  some  primitive  to 
its  present  state.  I  have  already  remarked  that  we  do  not  know 
sufficient  of  the  laws  which  may  regulate  the  succession  of  organic 
life  on  our  planet,  to  assert  that  the  one  of  these  theories  or  the  other 
is  most  consistent  with  these  laws ;  but,  with  respect  to  inorganic 
matter,  the  theories  of  uniformity  and  of  non-progression  appear 
to  me  incompatible  with  our  most  certain  knowledge  of  the  properties 
of  heat — that  ever-active  agent  in  the  work  of  terrestrial  trans- 
formation. 

It  is  far  from  my  purpose  to  euter  into  a  discussion  of  the  evidence 
which  might  be  deduced  from  recognized  geological  phaenomena  in 
favour  of  the  theory  of  progression,  but  merely  to  insist  on  that  which 
depends  on  the  most  immediate  and  simple  inferences  from  the  pro- 
perties of  heat.  And  here  it  should  be  remarked,  that  this  argument 
cannot  be  refuted  by  any  reasoning  which  may  appear  to  establish 
an  approximate  general  uniformity  or  non-progression  in  the  character 
of  geological  phenomena  since  the  earliest  geological  epochs,  because 
the  progressive  refrigeration  of  the  earth  from  some  high  temperature 
to  its  present  temperature  is  perfectly  consistent  with  such  approxi- 
mate uniformity  or  non-progression  for  enormous  periods  of  time. 
Climatal  conditions,  for  instance*  may,  consistently  with  the  earth's 
continual  refrigeration,  have  remained  sensibly  unaffected  by  the  in- 
ternal heat,  as  I  have  elsewhere  explained,  for  millions  of  centuries  ; 
and  the  very  theory  which  tells  us  that  these  conditions  can  never 
be  sensibly  altered  in  all  future  time  (external  circumstances  remaining 
the  same)  essentially  involves  the  hypothesis  of  progressive  change 
towards  an  ultimate  limit. 

The  contributions  which  we  have  received  on  the  geology  of  the 
Secondary  and  Tertiary  formations  have  not  been  numerous.  I  shall 
restrict  myself  to  the  brief  notice  of  a  paper  by  Professor  E.  Forbes, 
and  one  by  his  Grace  the  Duke  of  Argyll.  The  former  is  entitled 
"  On  the  Estuary  Beds  and  the  Oxford  Clay  at  Loch  Staffin  in 
Skye." 

Sir  R.  Murchison,  in  a  paper  read  by  him  before  the  Society  in 
1827,  containing  remarks  on  the  strata  of  the  north  of  Scotland,  men- 
tions his  having  found  species  of  Cyclas,  Paludina,  Neritina,  Ostrea, 
and  Mytilus,  in  flattened  masses  or  blocks  of  shelly  limestone,  on 
the  shores  of  Loch  Staffin,  in  the  northern  part  of  the  Isle  of  Skye. 
Two  species  of  the  Cyclas,  the  Paludina,  and  the  Ostrea  were  at 
that  time  considered  identical  with  the  fossils  of  one  of  the  upper 
beds  of  the  Weald  Clay  in  the  South-east  of  England,  to  which  forma- 
tion, therefore,  it  was  naturally  inferred,  the  blocks,  in  which  these 
fossils  existed,  might  belong.  Prof.  E.  Forbes  found  similar  blocks  on 
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the  shore  of  the  bay,  and  also  discovered  the  bed  whence  they  had 
been  derived.  He  also  discovered,  immediately  above  it,  another 
fossiliferous  bed,  the  fossils  of  which,  comprising  Ammonite*  cordmtus, 
Belemnites  Owenii,  and  B.  Beaumontianus,  distinctly  proved  it  to  be 
of  the  period  of  the  Oxford  Clay.  This  discovery  at  once  removed 
the  freshwater  beds  from  all  association  with  the  Wealden  strata* 

In  the  section  which  the  author  gives  to  illustrate  the  geological 
structure  of  this  part  of  Skye,  we  have  represented,  in  ascending 
order,— 

1.  Lias. 

2.  Inferior  Oolite. 

3.  Middle  Oolite. 

4.  Imperfectly  Columnar  Ba$alt. 

5.  Estuary  Beds. 

6.  Oxford  Clay. 

7.  Amygdaloidal  Trap. 

Thus  we  have  first,  in  order  of  time,  the  deposition  of  marine  beds 
probably  at  considerable  depths  in  the  sea.  Afterwards  a  mass  of 
igneous  matter  appears  to  nave  been  ejected  over  the  surface,  which 
became  so  elevated  as  to  admit  of  the  subsequent  formation  of  the 
Estuary  beds.  Then  succeeded  depression  of  the  terrestrial  surface 
and  the  deposition  of  the  Oxford  Clay  beds,  followed  in  turn  by 
another  outpouring  of  igneous  matter.  The  vesicular  character  of 
this  latter  mass,  the  author  observes,  may  perhaps  indicate  its  for- 
mation under  a  shallower  sea. 

This  view  of  the  geological  sequence  of  events  presupposes  the 
bed  of  Columnar  Basalt  not  to  have  been  injected  between  the  beds 
where  it  is  now  found.  The  hypothesis  of  its  having  been  so  in- 
jected is  regarded  by  the  author,  for  several  reasons,  as  not  entitled 
to  much  consideration. 

The  position  of  the  Estuary  beds  naturally  suggested  to  Professor 
Forbes  a  comparison  between  them  and  the  similar  beds  intercalated 
with  the  carboniferous  portion  of  the  Oolitic  strata  of  Brora  in  Sother- 
landshire,  and  formerly  referred  to  the  Wealden  formation.  Two 
papers  descriptive  of  these  beds  were  read  before  the  Society  in  1843 
and  1846  bv  Mr.  Alex.  Robertson.  On  comparing  the  Brora  fossils, 
however,  with  those  from  Loch  Staffin,  Prof.  E.  Forbes  found  that  all 
the  species,  with  the  exception  of  one,  a  little  Hydrohia  (Pahuhnm 
conulu*,  of  Robertson),  in  the  one  locality  differed  from  those  in  the 
other.  The  author  considers  that  much  interesting  work  still  remains 
to  be  done  in  investigating  both  the  igneous  phenomena  and  the 
palaeontology  of  the  Hebrides.  The  latter,  especially,  presents,  in 
his  opinion,  one  of  the  finest  fields  of  discovery  remaining  to  be 
examined  in  the  British  Islands. 

According  to  the  views  of  Prof.  E.  Forbes,  we  have  seen  that  the 
volcanic  action  by  which  the  lower  bed  of  igneous  rock,  described  by 
him,  was  produced,  must  be  referred  to  the  middle  of  the  Oolitic 
period ;  and  there  is  no  proof  that  the  bed  of  amygdaloidal  Trap  is 
of  later  date  than  the  Secondary  period.  In  the  island  of  Mull,  how- 
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ever,  we  have  distinct  proof  of  the  continuance  of  violent  volcanic 
action  up  to  a  date  as  late  probably  as  the  Middle  Tertiary  period. 
This  has  been  established  by  the  discovery,  by  the  Duke  of  Argyll, 
of  beds  of  Trap  interstratified  with  tertiary  and  probably  freshwater 
strata.  The  phenomena  are  described  by  his  Grace  in  his  paper 
read  before  the  Society,  Jan,  8,  1851,  and  entitled  "  On  the  Tertiary 
Beds  of  the  Isle  of  Mull."  It  is  accompanied  by  a  "  Note  on  the 
Vegetable  Remains  from  Ardtun  Head,"  oy  Prof.  E.  Forbes. 

The  extreme  south-western  portion  of  Mull  consists  of  a  long  pro- 
montory, called  the  Ross  of  Mull,  separated  from  the  striking  head- 
land of  Bourg,  on  the  north,  by  Loch  Scridden.  It  is  deeply  in- 
dented on  its  northern  side  by  Loch  Laigh,  which  runs  nearly  north 
and  south.  At  the  entrance  of  this  loch,  on  its  eastern  shore,  is  the 
headland  of  Ardtun,  which  presents  the  phenomena  forming  the 
subject  of  this  paper.  They  consist  of  alternations  of  volcanic  pro- 
ducts with  beds  containing  numerous  and  extremely  well-preserved 
vegetable  remains,  as  shown  in  a  small  ravine,  where  alone  the  strata 
are  sufficiently  accessible  to  be  examined.  The  following  beds  occur 
in  descending  order : — 

1.  Basalt,  taking  the  form  of  rude  pillars,  about  16  feet  thick. 

2.  The  first  leaf-bed,  consisting  of  shaly  matter,  about  2  feet  thick, 
and  containing  impressions  of  leaves  and  stems  of  plants. 

3.  A  bed  of  volcanic  ashes  or  tuff,  8  feet  thick ;  being  an  ashy 
paste,  full  of  white  angular  fragments  or  lapilli,  for  the  most  part 
siliceous.  It  has  one  great  peculiarity.  The  whole  of  the  beds  are 
nearly  horizontal,  but  dip  slightly  to  the  S.E.,  and  in  that  direction 
the  bed  passes  into  a  conglomerate  of  flints  cohering  by  an  exceed- 
ingly tenacious  cement.  One  of  these  flints,  found  by  the  Duke  of 
Argyll,  not  only  possessed  the  appearance  of  a  chalk-flint,  but  was 
also  found  to  contain  a  fossilized  organism,  affording  unequivocal 
proof  of  its  origin. 

4.  The  second  leaf-bed,  by  far  the  richest  in  vegetable  remains. 
It  is  about  2\  feet  thick ;  its  lower  part  consisting  almost  entirely  of 
a  compressed  mass  of  leaves.  A  few  impressions  of  twigs  are  found 
even  in  the  superincumbent  bed  of  tuff. 

5.  A  bed  of  tuff,  similar  to  the  one  above  mentioned,  and  6  feet 
thick. 

6.  A  seam  of  baked  clay  or  fine  mud,  containing  a  few  imperfect 
impressions  of  leaves,  apparently  similar  to  those  of  the  superior  beds. 
It  is  about  \\  foot  in  thickness. 

7.  A  dark,  amorphous,  amygdaloidal  basalt. 

8.  Columnar  basalt,  descending  beneath  the  sea-level. 

The  thickness  of  the  two  last-mentioned  basalts  can  be  better  esti- 
mated a  short  distance  east  of  the  ravine,  where  they  are  respectively 
48  and  10  feet  thick.  The  superior  volcanic  beds  are  there  thicker 
than  at  the  ravine,  the  leaf-beds  retaining  the  same  thickness. 

The  author  deduces  several  interesting  conclusions  from  these  phe- 
nomena. The  leaves  belong  to  existing  families  of  the  Dicotyledonous 
order ;  they  consequently  belong  to  the  Tertiary  period,  and  Prof. 
E.  Forbes  is  disposed  to  refer  them  to  the  Miocene  epoch.  This 
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determines  the  age  of  all  the  volcanic  beds  above  the  lowest  leaf-bed. 
There  is  also  strong  evidence  of  the  volcanic  action  having  been  sub- 
aerial.  The  author  also  concludes  that  the  leaves  were  accumulated 
during  successive  autumns  in  the  still  water  of  some  shallow  lake,  on 
the  spot  in  which  they  were  afterwards  covered  up  by  an  overflow  of 
volcanic  mud,  or  showers  of  volcanic  ashes.  The  tertiary  origin  of 
these  beds  is  also  proved  incontestable  by  the  conglomerate  of  flints 
into  which,  as  above  mentioned,  the  volcanic  bed,  immediately  beneath 
the  upper  leaf-bed,  gradually  passes.  The  author  considers  it  pro- 
bable that  the  flints  and  the  matrix  in  which  they  are  imbedded  were 
ejected  together  as  a  muddy  flood,  which  spread  itself  over  the  sur- 
rounding surface. 

In  the  geological  events  of  which  we  have  such  distinct  evidence 
in  the  paper  before  us,  and  in  that  by  Prof.  £.  Forbes  previously  no- 
ticed, we  nave  very  interesting  and  instructive  portions  of  the  geolo- 
gical history  of  this  region  since  the  commencement  of  the  Oolitic 
period.  We  have,  first,  the  deposition  of  the  lower  Oolites,  probably 
in  a  sea  of  considerable  depth,  succeeded  by  the  sudden  overflow  of 
volcanic  matter,  and  the  subsequent  elevation  of  the  surface,  which 
placed  it  under  approximately  subaerial  conditions,  in  the  portion  of 
the  region,  at  least,  in  the  neighbourhood  of  the  Isle  of  Skye.  There 
was  then  a  depression  and  subsequent  deposition  of  the  upper  Oolites, 
followed  again  by  an  enormous  volcanic  eruption,  of  which  the  Amyg- 
daloidal  Trap  of  that  island  is  a  portion.  How  far  the  Cretaocoos 
series  may  have  extended  over  this  region  we  know  not ;  but  the 
flint-conglomerate,  mentioned  by  the  Duke  of  Argyll,  is  strongly  in- 
dicative of  its  having  extended  at  least  to  the  island  of  Mull.  His 
Grace  points  out  the  analogy  which  the  upper  beds  of  Trap  at  Ard- 
tun  bear  to  the  basalts  on  the  coast  of  Antrim,  while  he  asaimilatra 
the  lowest  bed  to  the  basaltic  masses  of  Staffs.  It  is  probable,  then, 
that  during  the  Cretaceous  period,  a  part  of  this  region,  at  least,  un- 
derwent a  great  depression.  After  the  deposition  of  the  Chalk,  came 
the  outpourings  of  volcanic  matter  on  the  north  coast  of  Ireland,  and 
at  the  islands  of  Mull  and  Staffs,  assuming  the  above-mentioned  rela- 
tion between  the  Traps  of  those  islands.  Whether  these  outpourings 
belong  to  the  same  portion  of  the  Tertiary  period  may  be  aoubtftu, 
especially  if  the  Ardtun  beds  be  assumed  to  be  Miocene,  as  Prof. 
Forbes  is  disposed  to  regard  them.  If  the  Antrim  beds  be  not 
Eocene,  the  surface  of  the  newly-deposited  Chalk  must  probably 
have  been  elevated  so  as  to  prevent  Eocene  deposition  upon  it,  and 
then  again  depressed  to  receive  on  its  surface  the  mass  of  ejected  Trap- 
rock  superincumbent  upon  it.  Again,  on  the  coast  of  Mull,  the  sur- 
face, having  been  subaerial  at  the  Miocene  epoch,  must  have  been 
again  submerged  during  the  Pleistocene  period  ;  and  finally  the  whole 
region  must  have  been  again  raised  to  its  present  elevation.  Such 
are  the  oscillations  which  we  are  enabled  to  recognize  in  this  region ; 
possibly,  however,  they  may  form  only  a  small  part  of  the  whole 
series  of  similar  movements. 

We  are  much  indebted  to  the  noble  author  of  this  paper  for  tha 
interesting  facts  which  he  has  brought  under  our  notice;  and,  let  ma 
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add  also,  for  the  example  which  he  has  given  us  of  perspicuity  of 
style,  of  a  clear  and  explicit  statement  of  facts,  and  of  sound  and 
cautious  induction. 

I  could  have  wished,  Gentlemen,  on  this  occasion  to  describe  in 
some  detail  the  admirable  work  which  has  been  done  by  Prof.  M'Coy 
in  the  arrangement  of  the  fossils  of  the  Woodwardian  Museum  at 
Cambridge,  and  for  which  we  owe  so  much,  not  only  to  the  zeal,  but 
also  to  the  private  liberality  of  Prof.  Sedgwick.  But  the  limits  to 
which  I  have  professedly  restricted  myself  in  this  Address,  and  the 
length  to  which  it  has  already  extended,  prohibit  my  entering  on  a 
subject  of  this  nature,  for  which,  however,  I  hope  to  avail  myself  of 
a  future  occasion.  I  cannot,  however,  conclude  without  congratu- 
lating you  on  the  opening  of  the  Museum  of  Practical  Geology, 
which  has  at  once  taken  the  rank  of  an  important  national  institution. 
In  our  own  Society  it  is  our  object  to  cultivate  geology  generally  as  a 
physical  science,  without  especial  reference  to  its  practical  applica- 
tions. A  true  lover  of  the  science  will  follow  it  for  its  own  sake,  for 
the  pleasure  of  detecting  new  phsenomena,  or  the  laws  which  regulate 
them.  He  delights  to  contemplate  it  as  the  science  which  opens  so 
many  curious  and  deeply  interesting  views  of  the  economy  of  the  ma- 
terial universe,  with  reference  both  to  organic  and  inorganic  matter, 
and  which  tends  to  elevate  our  minds  by  leading  us  to  the  contem- 
plation of  such  views.  No  science — not  astronomy  itself — has  done 
more  than  geology  to  modify  the  convictions  of  men  of  cultivated 
minds,  on  some  of  the  most  important  points  of  speculation  to  which 
physical  science  can  lead  us.  And  of  this  the  geologist  has  a  just 
title  to  be  proud.  But  however  we  may  delight  to  contemplate  our 
science  under  this  aspect,  we  should  do  it  but  partial  justice  if  we 
omitted  a  due  consideration  of  the  practical  benefits  which  it  may 
produce  by  the  promotion  of  those  material  interests,  the  progress  of 
which,  in  the  present  state  of  the  world,  seems  to  be  essentially  con- 
nected with  the  advance  of  that  civilization  which  consists  in  the  due 
cultivation  and  improvement  of  the  intellectual  and  moral  faculties. 
The  Museum  of  Practical  Geology  cannot  fail  to  exercise  an  import- 
ant influence.  The  lectures  which  have  been  instituted  in  connexion 
with  it,  and  so  admirably  begun,  will  help  to  extend  an  abstract 
knowledge  of  geology  and  the  allied  sciences,  and,  by  pointing  out 
the  practical  applications  of  such  knowledge,  cannot  rail  to  afford 
useful  aids  to  some  of  the  most  important  material  interests  of  the 
country.  Perhaps  no  one  of  these  great  interests  has  suffered  more 
from  the  want  of  scientific  knowledge  than  that  of  mining.  In  the 
vast  extent  of  our  mining  products,  the  public  only  sees  the  result  of 
that  individual  energy  and  enterprize  which  characterize  our  country- 
men in  all  the  practical  pursuits  of  life,  without  seeing  also  the  igno- 
rance which,  in  so  many  cases,  has  formerly  conducted,  and  the 
ruinous  consequences  which  have  often  attended  such  enterprizes. 
Nor  has  this  ignorance  entailed  heavy  losses  merely  on  a  past  gene- 
ration. Its  influence  is  still  strongly  felt  in  the  want  of  those  records 
of  former  mining  operations,  which,  if  they  existed,  would  be  so  in- 
valuable to  the  miner  of  the  present  day.    Evils  of  this  nature  have 
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been  already  partially  corrected  by  the  wider  diffusion  of  geological 
knowledge ;  but  much  still  remains  to  be  done  to  liberate  mining  in* 
terests  entirely  from  the  influence  of  real  ignorance  and  pretended 
knowledge.    I  can  conceive  nothing  more  likely  to  effect  this  pur- 

C,  than  the  establishment  of  this  "  School  of  Mines."  Its  opening 
been  perfectly  successful.  You  have  not,  perhaps,  now  to  learn 
that  His  Royal  Highness  the  Prince  of  Wales,  as  Duke  of  Cornwall, 
has  established  two  exhibitions  of  £30  a-year  each  for  the  benefit  of 
pupils  at  the  Museum.  In  this  gracious  act,  we  cannot  fail  to 
recognize  the  influence  of  that  liberal  and  enlightened  spirit  which  is 
conspicuous  in  His  Royal  Highness  Prince  Albert  on  every  oc- 
casion which  presents  itself  of  promoting  the  moral  and  inteOectnal 
advancement  of  our  country.  To  Sir  Henry  De  la  Beche,  to  whom, 
be  it  recollected,  we  owe  so  much  of  the  extended  advantages  of  this 
establishment,  and  to  the  distinguished  men  associated  with  him,  we 
may  offer  our  sincere  congratulations  on  the  successful  commence- 
ment of  the  new  phase  which,  practically,  the  institution  has  first 
assumed  during  the  past  year.  I  regard  it  not  merely  as  useful  in 
its  own  department,  but  as  likely  by  its  future  success,  to  lead  to  a 
more  extended  recognition  of  the  practical  value  of  science  by  those 
who  may  be  called  upon  to  rule  the  destinies  of  our  country. 


Note. — Lower  Silurian  Foot-tracks. — While  the  preceding  pages 
have  been  passing  through  the  press,  a  further  communication  has 
been  made  to  the  Society,  by  Prof.  Owen,  on  the  footsteps  found  in 
Canada,  containing  conclusions  different  from  those  at  which  he  had 
formerly  arrived  respecting  the  nature  of  the  animals  to  which  these 
footmarks  are  to  be  referred*.  The  specimens  which  have  recently 
been  subjected  to  his  inspection  by  Mr.  Logan,  are  far  more  perfect 
than  those  which  he  first  examined,  and  have  enabled  him,  after  a 
very  careful  examination,  and  most  ingenious  analysis  of  the  foot- 
prints, to  decide  that  they  do  not  belong  to  animals  of  the  vertebrate 
class,  as  he  had  previously  inferred.  They  probably  belong,  he 
thinks,  to  Crustaceans.  The  argument  drawn  from  the  Professor's 
former  conclusion  against  the  doctrine  of  the  progression  of  mniwml 
life  is,  of  course,  much  weakened  by  the  result  of  his  more  complete 
investigation. 

I  may  also  add,  that  since  the  delivery  of  this  Address,  I  have  re- 
ceived, by  the  kindness  of  M.  Desor,  on  his  return  from  America, 
a  copy  of  the  first  Part  of  a  "  Report  on  the  Geology  and  Topography 
of  a  portion  of  the  Lake  Superior  Land  District,"  by  MM.  Whitney 
and  Foster,  United  States  geologists.  The  second  Part  is  not  yet 
published.  The  first  Part  contains  many  excellent  details  respecting 
the  Drift  of  Lake  Superior.  I  rejoice  to  find  that  the  American  geo- 
logists are  engaged,  with  their  characteristic  energy,  in  investigating 
the  general  phenomena  of  the  Drift.  We  may  expect  from  them, 
ere  long,  important  additions  to  our  knowledge  on  this  subject. 
*  See  Quart  Joorn.  Geo!  Soc.  voL  viL  p.  lxxvi,  and  p.  850. 
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The  Quartziferous  Porphyries,  according  to  their  Nature, 
their  Distribution,  their  Relation  to  Normal  Stratified 
and  Unstratified  Rocks,  as  well  as  Mineral  Veins.  By 
Dr.  Gustav  Leon  hard  of  Heidelberg,  pp.  212.  8vo.  Stutt- 
gart, 1851.  With  2  lithographs,  5  Plates  of  coloured  Sections 
and  12  Woodcuts. 

Die  Quarz-fuhrenden  Porphyre,  nach  ihrem  Wesen,  ihrer 
Verbreituno,  ihrem  Verhalten  xu  abnormen  und  normalen 
Gesteinen,  so  une  zu  Erzgangen.  Von  Gustav  Leonhard. 

In  drawing  the  attention  of  our  readers  to  this  work,  we  may  men- 
tion that  it  is  the  first  attempt  hitherto  made  to  bring  together  the 
history  of  the  porphyritic  rocks  and  the  literature  connected  there- 
with, as  also  to  describe  the  various  localities  where  the  Quartziferous 
Porphyries  have  been  observed,  as  well  as  their  relations  to  other 
rocks,  sedimentary  and  non-sedimentary. 

The  ancients,  it  is  well  known,  reckoned  Porphyry  amongst  their 
marbles.  Pliny  remarked,  that  "  the  porphyritic  marble,  which  was 
quarried  in  Egypt,  has  a  reddish  colour."  The  beautiful  Porphyry, 
so  much  used  m  the  classic  ages,  and  of  which  many  important  works 
of  art  were  constructed,  was  derived  in  all  probability  from  Upper 
Egypt,  and  not,  as  Roziere  formerly  supposed,  from  Mount  Sinai. 

Pliny  also  alludes  to  the  white  spots  in  the  Porphyry,  for  which 
reason  it  was  called  Leucosticos  or  Leptosephos.  Lucan  calls  the  rock 
Lapis  purpureas,  on  account  of  its  red  colour,  which  was  peculiarly 
appropriate  to  that  of  Egypt. 

Even  in  the  sixteenth  and  seventeenth  centuries,  the  word  Por- 
phyry was  used  by  naturalists  in  the  same  vague  and  uncertain  sense; 
it  had  a  purely  technical  signification.  Agricola  reckoned  it  amongst 
his  Marbles,  under  which  name  were  at  that  time  included  all  rocks 
capable  of  being  polished.  The  artists  of  Italy  distinguished  it  ac- 
cording to  its  colour,  Porfido  rosso,  Porfido  nero,  Porfido  verde  an- 
tico,  &c,  terms  of  which  even  the  most  learned,  as  Cronstedt,  Lin- 
naeus, Wallerius,  Saussure,  &c,  have  made  use. 

Some  writers  have  been  induced,  in  consequence  of  the  great  hard- 
ness of  certain  kinds  of  Porphyry,  to  class  it  amongst  the  precious 
stones  (Bruckemann). 
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The  most  extraordinary  views  respecting  this  rock,  and  particularly 
respecting  the  spots  contained  in  it,  were  undoubtedly  those  of  Bul- 
fon.  According  to  him,  Porphyry  consisted  mainly  of  the  spines  of 
Echini,  connected  by  a  hard,  strong  cement  pressed  close  together, 
and  which  constituted  the  white  points  by  which  Porphyry  was  re- 
cognized. Each  of  these  white  spots  had  a  black  point  in  the  centre ; 
this  represented  the  nerve-cavity  which  extends  through  the  whole 
length  of  the  spine  of  the  Echinus. 

The  fine  porphyry  of  Esterel  attracted  the  attention  of  naturalists 
even  in  the  latter  half  of  the  eighteenth  century.  The  Swede  Anger- 
stein4',  Buffonf,  SaussureJ,  Darluc§,  and  others  allude  to  this  rock. 
Most  of  these  descriptions,  however,  are  obsolete  and  inapplicable  to 
the  state  of  geological  knowledge  of  the  present  day.  The  artists  of 
Rome  employed  the  porphyry  of  Esterel  in  their  works  under  the 
name  of  Mordiglione. 

Older  naturalists,  who  looked  upon  Porphyry  as  of  neptunian  ori- 
gin, assumed  that  "  the  enclosed  portions  of  felspar"  were  older 
than  the  porphyry  itself;  that  they  had  been  already  hardened. 
Pott— the  chemist  of  Berlin,  who  died  in  1799 — recognized  the  en- 
closed particles  or  spots  as  "  sparry."  The  acicular  hornblende,  pe- 
culiar to  several  kinos  of  porphyry,  was  regarded  in  older  descriptions 
of  the  rock  as  "  Black  Schorl* 

Towards  the  end  of  the  eighteenth  century,  the  word  "  Porphyry " 
acquired  another  and  more  scientific  meaning.  Werner  applied  it  to 
the  structure  of  the  rock.    He  separated  Porphyroid,  as  a  general, 


classed  those  rocks,  the  matrix  or  paste  of  which  contains  single 
grains  or  crystals,  which  have  been  formed  contemporaneously  with 
the  rock  itself.  The  term  "Porphyry"  was  restricted  by  him  to 
such  porphyroidal  rocks  as  belonged  to  a  class,  the  paste  of  which 
is  homogeneous,  and  which  especially  contain  imbedded  crystals  of 
felspar.  We  are  indebted  to  Gerhard  for  the  first  most  important 
and  appropriate  observation  respecting  this  rock. 

After  further  details  of  the  various  descriptions  and  classifications 
of  different  kinds  of  Porphyry,  our  author  continues,  p.  4  : — 

L.  von  Buch  is  undoubtedly  one  of  the  first  geologists  who  ob- 
tained a  clearer  insight  into  the  true  nature  of  this  rock.  This  is 
particularly  evident  from  his  observations  respecting  the  neighbour- 
hood of  Christiania : — "  We  must  never  forget  that  the  compact 
mass  of  all  the  porphyries  is  never  a  simple  mineral :  that  its  true 
mineralogies!  character,  however,  cannot  be  recognised,  is  due  to  the 
circumstance  of  our  vision  not  being  capable  of  making  out  the  mi- 
nute individual  particles."  This  was  written  in  1808.  Godon  also 
expressed  bis  doubt  that  all  Petrorilex  was  one  simple  mineral.  He 
separated  Petrosilex  into  "simple"  and  "porphyritie." 

Nevertheless  the  greatest  uncertainty  prevailed  respecting  Por- 


Under  the  first  he 


*  M&nofret  dm  Savants  fitrangen,  voL  iL  p.  557, 1754. 
t  Histoire  natoreUe  dea  Minenmx,  voL  iiL  p.  372. 
t  Voyagta  dans  lea  AJpea,  §  1456. 
I  Histoire  natureUe  de  la  Prorates,  vol  UL  p.  327. 
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phyry.  Rocks  of  a  totally  different  character  were  confounded  with 
it.  Thus  we  find  in  a  memoir  on  the  Lead-mines  of  Viconago,  not 
far  from  the  Lake  of  Lugano,  that  the  mica-slate  mountain  which 
contains  the  ore  rests  on  granite  or  gneiss ;  the  summit  consisting  of 
the  "  roche  argileuse,  parsemee  des  grains  calcaires  a  laquelle  lea 
Allemands  ont  donne*  le  nom  de  Feldspath-Porphyr."  Soon  after- 
wards Gerhard  endeavoured  to  show  that  all  Porphyry,  usually  sub- 
divided into  Cky-porphyrv,  Hornstone-porphyry,  and  Felspar-por- 


The  term  "  Felsite"  was  first  used  by  Kirwan  in  his  '  Mine- 
ralogy*/ to  denote  a  substance  described  by  Wiedemannf  as  "  com- 
pact felspar."  Klaproth  observes,  "  I  understand  under  the  name 
of  Felsite  that  mineral,  hitherto  called  '  compact  felspar/  which, 
when  united  with  greenish  hornblende,  forms,  with  a  crystalline 
structure,  Greenstone,  and,  with  a  slaty  structure,  Greenstone-slate^ ." 

Gerhard  says  of  Felsite,  that  it  seldom  forms  mountain-masses,  but 
is  united  with  other  rocks,  and  that  in  combination  with  hornblende, 
felspar,  quartz,  and  mica  it  forms  the  various  species  of  porphyry. 
He  distinguishes: — 1.  Earthy  felsite,  forming  the  basis  of  all  the 
so-called  clay-porphyries  (amongst  these  Gerhard  includes  Werner's 
clay-stone) ;  2.  Splint-felsite,  forming  the  basis  of  all  hornstone- 
and  felspar-porphyry;  and  3.  Laminar  felsite  or  Labrador-stone. 
Adopting  the  clay-stone  and  clay-porphyry  phraseology  of  the  Ger- 
mans, the  French  formed  their  Porphyre  argxlleux  and  P.  terreux,  the 
English  their  "  Clay-porphyry"  and  "  Clay-stone,"  and  the  Italians 
their  Porfido  argilloso.  Brongniart  considered  die  clay-stone  as  a 
peculiar  rock  and  named  it  Argilophyrey  subdividing  it  according  to 
the  colours.  Hauy  called  it  FeUpath  compacte  porphyrique  dScom- 
pos4.  Jasche  described  the  porphyry  of  the  district  of  Elbingerode 
on  the  Hartz  as  Feldspath-gestein. 

Considerable  progress  in  the  knowledge  of  porphyry  was  made  by 
d'Aubuisson  de  Voisins.  This  active  follower  of  Werner  called  at- 
tention, amongst  other  things,  to  the  analogies  between  granite  and 
porphyry ;  and  to  the  transition  of  these  two  rocks  into  one  another, 
already  observed  by  Saussure,  Dolomieu,  and  others.  It  was  d'Au- 
buisson also  who  maintained  that  the  basis  of  porphyry  was  only  a 
compact  granite.    He  proposed  that  it  should  be  called  "  Eurite. 

After  giving  d'Aubuisson's  description  of  eurite,  the  author  conti- 
nues, p.  6 : — On  account  of  the  red  colour  of  the  rock  which  pre- 
vails in  many  districts  (c.  g.  Thuringia,  Silesia,  and  the  Tyrol),  it  re- 
ceived the  peculiar  name  of  "Red  Porphyry,"  an  expression  afterwards 
used  by  L.  von  Buch  in  another  sense  to  distinguish  it  from  "  Black 
Porphyry"  or  Melaphyre. 

Leopold  v.  Buch  was  also  the  first  to  attribute  a  greater  import- 
ance to  the  presence  of  quartz.  He  directed  attention  to  the  pecu- 
liar significance  of  the  presence  of  this  mineral  in  decomposed,  wea- 

*  Elements  of  Mineralogy,  vol.  i.  p.  439. 
t  Bergm.  Journal,  1791,  p.  345. 

X  See  his  Chemical  Enquiries  into  the  Felsite  of  Siebenlehn :  Klaproth,  Chem. 
Abhandlungen,  v.  p.  259. 
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thered,  or  altered  porphyries.  "  The  auartz  in  these  porphyries,*' 
he  remarks  in  his  observations  on  the  Thuringer  Wala*,  "  in  the 
form  of  dodecahedral  crystals,  is  a  good  guide  to  enable  us  to  recog- 
nize the  red  porphyry >  even  where  it  no  longer  shows  traces  of  its 
former  state,  and  where,  without  the  quarts,  one  might  be  tempted 
to  confound  it  with  the  unquartziferous,  black  porphyry"  For  this 
purpose,  L.  v.  Buch  adopted  the  expression  Quarr-fUkrender  Por- 
phyr  (Quartziferous  Porphyry) — undoubtedly  one  of  the  best  and 
most  characteristic  of  the  many  names  which  hare  been  given  to  this 
rock.  Its  importance  in  a  geological  point  of  view  was  recognised 
by  most  geologists;  thus  we  have  Porphyre  quctrtxiftrt,  Porfidm 
quarzifero,  &c.    It  was  not,  however,  always  adopted. 

In  England  the  word  "  Porphyry"  was  very  freely  used ;  rocks  of 
different  Kinds  (diorite,  &c.)  were  thus  called ;  so  that  in  many  de- 
scriptions it  is  impossible  to  detect  the  nature  of  the  rock. 

Certain  quartziferous  porphyries  which  occur  in  the  mining  districts 
of  Cornwall  as  veins,  partly  in  granite,  partly  in  clay-slate,  have  been 
long  there  known  under  the  name  of  "  Elvans."  *  We  have  in  vain 
sought  for  the  origin  of  this  term  in  English  writers.  Henwood  ex- 
pressly saysf  that  the  etymology  of  the  word  is  unknown.  May  H 
not  perhaps  be  derived  from  a  place  called  "  El  van"  f  Reuss  says, 
in  his  '  Lehrbuch  der  Geognosie  J,'  that  porphyry  occurs  near  Elvan, 
in  Westmoreland. 

But  comparatively  little  importance  was  attached  to  the  presence 
of  quarts.    Phillips,  in  his  'Outlines  of  Mineralogy  and  Geology 
has  made  some  attempts  to  distinguish  the  different  kinds  of  Por- 
phyry ;  and  MacCulloch  justly  complains  of  the  too  great  extension 
of  the  word  "  Porphyry  ||." 

Notwithstanding  the  proposals  of  Gerhard,  d*  Aubuisson,  and  others, 
respecting  the  varying  and  incorrect  ideas  of  hornstone-  and  day- 
stone-porphyry,  and  notwithstanding  the  observation  of  L.  v.  Buch, 
that  tne  matrix  or  paste  of  porphyries  was  not  uniform,  these  ex* 
pressions  were  maintained,  because  geologists  wanted  proper  terms 
to  distinguish  Porphyry,  according  to  its  characters — crystalline  and 
compact  (Felspar),  hard  and  brittle  (Hornstone),  or  earthy  and  de- 
composed (Clay-stone  and  Clay-porphyry).  We  find  these  names 
both  in  the  various  elementary  works  on  geognosy,  and  in  the  many 
valuable  communications  which  we  possess  respecting  the  occurrence 
of  this  rock. 

After  detailing  the  various  nomenclatures  proposed  and  adopted  by 
different  mineralogies!  and  ecological  writers,  the  author  proceeds, 
p.  8 : — The  want  or  rather  the  great  poverty  of  quarts  at  once  distin- 
guishes such  porphyries  from  the  characteristic  quartziferous  por- 
phyries, without  either  separating  them  from  the  group  of  Fdshc- 
porphyries,  or,  still  less,  uniting  them  with  the  black  or  Augite-por- 

*  Taachenboch  fur  Mineralogie,  voL  xviiL  p.  455,  1824. 
t  Trent,  of  the  R.  Geo!  Soc  of  Cornwall,  vol.    p,  27, 1845. 
t  1805,  p.  292.  §  Page  167.  «L  1826. 

It  MacCulloch,  On  the  Geology  of  rahou*  parts  of  Scotland ;  Traaa.  of  Um  Goat 
8oc  Lond.  vol.  ii  p.  415. 
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phyries.  To  these  belong  certain  Thnringian  porphyries  with  little 
or  no  quartz,  and  which  B.  Cotta  calls  Glimmer-Porphyre  (Micaceous 
Porphyry).  "I  must  again  repeat,"  he  says,  "that  much  of  that 
which  is  generally  called  Melapnyre  probably  belongs  to  the  Glim- 
mer-Porphyre, which  is  often  vesicular  and  amygdaloidal." 

One  of  our  first  mineralogists  has  lately  published  a  very  in- 
structive memoir  "  on  the  rocks  belonging  to  the  granitic  group  *." 
Both  Porphyry  and  Syenite-porphyry  are  included  in  this  group. 
Porphyry,  according  to  6.  Rose,  consists  of  felspar,  oligoklase, 
quartz,  and  mica,  which  form  a  compact  matrix  containing  large  cry- 
stals of  the  same  constituent  elements.  Svenitic  porphyry  contains 
in  a  compact  paste  crystals  of  felspar,  mica,  oligoklase,  and  horn- 
blende. It  is  only  distinguished  from  the  former  by  not  containing 
quartz  (or  at  least  very  seldom). 

Naumann,  in  his  '  Lehrbuch  der  Geognosie,'  adopts  another  view. 
According  to  him,  the  felsitic  porphyries  form  a  separate  group.  This 
includes  all  those  porphyries  the  paste  of  which  appears  to  be  a 
close  and  fine-grained  mixture  of  felspar  and  quartz,  which  melts 
under  the  blowpipe.  This  paste  or  matrix  is  called  felsite  by  Nau- 
mann,  and  the  porphyry  is  called  felaite-porphyry.  The  paste  con- 
sists chiefly  of  the  following  minerals : — felspar  (orthoklase)  in  grains 
or  crystals ;  oligoklase  and  sometimes  albite ;  quartz  in  grains  or  cry- 
stals ;  and  mica.  Amongst  these  the  quartz  is  by  far  the  most  im- 
portant, inasmuch  as  the  distinction  of  "  quartziferous"  or  "non- 
quartziferous"  depends  on  its  being  present  or  not.  With  reference 
to  these  distinctions,  Naumann  admits  the  following  rocks  into  the 
family  of  the  Felsite-porphyry : — 

1 .  Non-quartziferous  Porphyry.  The  usually  dark  paste  contains 
crystals  of  felspar,  mica,  and  sometimes  hornblende ;  quartz  is  alto- 
gether wanting,  or  only  seldom  occurs. 

2.  Minette.    A  rock  consisting  principally  of  mica. 

3.  Granitic  Porphyry.  In  the  composition  of  the  paste,  besides 
quartz  and  felspar,  mica  and  perhaps  a  little  chlorite  appear  to  con- 
cur. The  paste  contains  crystals  of  felspar,  oligoklase,  quartz,  mica, 
and  sometimes  scales  of  chlorite. 

4.  Felsite-Porphyry  (Quartziferous  Porphyry).  Quartz  is  always 
found  in  the  paste  or  matrix,  two  kinds  of  felspar  generally  occur, 
and  sometimes  mica  also. 

5.  Pitchstone-Porphyry. 

It  was  the  original  object  of  this  memoir  only  to  describe  the  oc- 
currence and  conditions  of  the  quartziferous  porphyry.  The  author, 
however,  found  that  this  was  not  altogether  practicable,  on  account 
of  its  close  connection  with  some  of  those  porphyries  that  contain 
little  or  no  quartz.  He  therefore  includes  these  also  in  his  remarks ; 
and,  chiefly  following  Naumann' s  classification,  gives  to  the  group 
the  general  term  "  Felsite-porphyry This,  according  to  its  mine- 
ralogies! characters,  consists  of  three  subdivisions : — 

1.  Quartziferous  Porphyry. 

2.  Granitic  Porphyry. 

3.  Non-quartziferous  Porphyry. 

*  G.  Rose,  Zeitachrift  d.  deutach.  geolog.  Gesellsch.  vol.  i.  p.  352  et  teg.,  1849. 
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The  author  then  proceeds  to  describe  the  characteristic  features  of 
these  three  subdivisions  of  Felsite-porphyry,  commencing  with  the 
quartziferous,  to  which  indeed  his  remarks  are  principally  confined- 

With  regard  to  the  mass  or  paste  of  quaitaferous  porphyry,  he 
remarks  (p.  18),  that  it  has  been  already  observed  by  Horn,  that 
"  in  porphyry  everything  is  extremely  changeable.  In  the  same  bed 
the  mass  occurs  sometimes  in  a  coarse,  sometimes  in  a  fine-grained 
condition,  here  argillaceous  and  soft,  there  hard  and  producing  a 
spark  from  steel*.  Whoever  has  traversed  a  porphyry  district  must 
have  remarked  how  constantly  every  hill,  or  even  every  rock,  offers 
fresh  varieties  and  new  peculiarities ;  that  the  same  rock  appears  in 
one  place  compact,  hard,  and  dose-grained,  in  another  soft  and  earthy, 
and  again  in  another  place  porous ;  that  in  one  place  numerous  in- 
gredients occur,  which  entirely  disappear  after  a  snort  distance.  The 
Bruchhaus  Stones,  where  the  rock  appears  under  more  different 
aspects  than  are  generally  met  with  within  so  small  a  space,  are  an 
excellent  example.  At  the  same  time  in  many  porphyry  districts, 
regular  characteristic  transitions  from  one  to  the  other  condition  can 
be  established ;  thus  Credner  reckons  six  principal  varieties  in  the 
Thuringian  Hills,  whilst  Naumann  distinguishes  eight  inmeralogi- 
cally  different  porphyries  in  the  neighbourhood  of  Wursen,  Grimms, 
and  Taucha. 

The  metamorphism,  mineral  contents,  and  varied  structure  of 
porphyry  are  then  briefly  but  clearly  described,  together  with  the 
substances  into  which  the  felspar  is  occasionally  changed. 


various  results,  leading  to  the  formation  of  different  minerals,  vis*: — 
1.  Kaolin;  2.  Lithomarge;  3.  Steatite  [Speckstein]  ? ;  4.  Alum. 
These  are  as  fully  described,  pp.  28-31,  as  the  present  state  of  mi- 
neral analysis  allows,  although  the  origin  of  the  talc  in  the  speckstein 
has  not  vet  been  sufficiently  explained. 

The  different  conditions  of  the  occurrence  of  quarts  and  mica  in 
porphyries  are  next  described  (p.  35-40).  Quarts  occurs  more  re- 
gularly and  systematically  than  either  felspar  or  mica,  and  almost 
universally  in  the  form  of  bipyramidal  dodecahedral  crystals,  seldom 
transparent,  and  only  rarely  with  the  six-sided  prisms.  While  quarts 
and  felspar  may  be  considered  as  the  most  important  contents  of 
quartziferous  porphyry,  mica  can  only  be  considered  as  a  subordinate 
ingredient,  although  as  such  it  is  one  of  the  first.  It  generally  occurs 
in  small  scales,  leaflets,  or  six-sided  tablets. 

Amongst  the  less  important  minerals  which  occur  in  quartsifenma 
porphyries,  either  as  nodules  or  in  veins,  the  author  mentions  (p.  41- 
45)  hornblende,  pinite,  garnet,  iron-pyrites,  magnetic  iron,  graphite, 
tourmaline,  agate,  carnelian,  plasma,  opal,  fluor-spar,  chalcedony, 
barytes,  oxides  of  iron,  epidote,  psilomelane,  gypsum,  caksspar,  pin- 
guite,  chrome-ochre,  native  copper,  &c. 

The  granitic  and  unquaitsiferous  porphyries  are  next  briefly  de- 
scribed, together  with  the  varied  structure  and  fracture  of  the  differ- 
ent porphyritic  rocks  (p.  45-63) ;  after  which  the  author  points  out 
the  various  localities  where  porphyry  has  hitherto  been  observed  on 
*  Betcfardboog  der  Thuringer  Watdgefairget,  toL  il  pp.  44,  50, 
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the  earth's  surface,  commencing  with  Saxony,  Bohemia,  and  other 
parts  of  Germany,  and  extending  to  America,  Egypt,  and  Australia 
(p.  64-1 10).  To  this  section  the  author  adds  a  list  of  the  geological 
maps  on  which  the  occurrence  of  porphyry  is  noted. 

The  second  portion  of  the  work  relates  to  the  connection  between 
porphyry  and  the  stratified  and  unstratified  formations.  After  al- 
luding to  the  history  of  the  subject  and  the  opinions  held  by  the 
earlier  cultivators  of  the  science,  the  author  states  (p.  Ill)  that 
Hutton  was  the  first  who  attempted  to  establish  any  real  notion  re- 
specting the  probable  origin  of  this  rock.  The  occurrence  of  granite 
in  the  micaceous  slate  of  Glen  Tilt  led  him  to  the  idea  that  the  for- 
mer had  penetrated  the  latter,  and  was  consequently  younger.  He 
extended  this  theory  to  porphyry,  and  in  vain  attempted  to  introduce 
it  among  the  followers  of  Werner.  It  was  only  after  the  commence- 
ment of  the  nineteenth  century,  that  the  idea,  that  porphyry  and 
other  rocks,  hitherto  reckoned  amongst  the  primitive  formations, 
had  been  produced  by  the  operation  of  fire,  acquired  any  credit.  The 
journeys  of  L.  v.  Buch  in  Norway  and  Lapland,  and  of  Hausmann 
in  Scandinavia,  had  great  influence  in  producing  this  result.  Por- 
phyry-dykes are  first  mentioned  in  the  works  of  these  two  travellers 
as  penetrating  clay-slate  and  transition  limestone.  Equally  important 
were  the  observations  made  by  the  Swedish  author  Strom,  in  1812, 
in  the  neighbourhood  of  Freiberg.  He  must  be  considered  as  one  of 
the  first  who  opposed  the  then  prevailing  idea  of  the  stratified  na- 
ture of  porphyritic  masses.  MacCulloch,  A.  Boue*,  and  others  wrote 
decidedly  in  favour  of  the  eruptive  nature  of  porphyry ;  and  finally, 
as  the  author  states  (p.  1 13),  we  have  a  work,  respecting  the  forma- 
tion of  porphyry,  by  the  Mining  Councillor  Schmidt,  who  is  so  well 
acquainted  with  the  geological  relations  of  the  Rhine  district,  in  which 
he  points  out  the  many  analogies  between  this  rock  and  basalt,  and 
states  his  conviction  that  porphyry  has  risen  through  the  crust  of 
the  earth  in  an  igneous,  fluid  state*. 

During  the  last  twenty  years  these  views  have  become  almost 
universal.  In  various  and  distant  countries  observations  have  been 
carefully  recorded  respecting  the  occurrence  of  quartziferous  porphy- 
ries with  stratified  and  unstratified  rocks,  the  most  important  phae- 
nomena  of  which  are  subsequently  described. 

We  can  only  briefly  notice  the  different  heads  into  which  the  au- 
thor has  subdivided  the  subject  (p.  106-186). 

I.  Porphyry  and  the  abnormal  formations.  The  relations  of 
porphyry  with  gneiss,  mica-slate,  granite,  syenite,  hornblende-slate, 
diorite,  serpentine,  crystalline  limestone,  and  melaphyre ;  describing 
all  the  principal  localities  where  it  occurs  under  the  different  circum- 
stances. 

II.  Porphyry  and  the  normal  formations.  1.  The  relations  of 
porphyry  with  the  Greywacke'  formations;  2.  the  Carboniferous 
system;  3.  the  Rothliegende  or  Permian;  4.  the  New  Red  Sand- 
stone ;  5.  the  Jurassic  system ;  6.  the  Cretaceous  formations :  and 
the  relations  between  crystalline  limestone  and  porphyry. 

III.  Plutonic  and  volcanic  formations  newer  than  porphyry. 
*  Kanten'i  Archly  fur  Bergbtu,  voL  viL  p.  195  et  seq.,  1823. 
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1 .  Quartrite  and  porphyry ;  2.  Diorite ;  3.  Melaphyre ;  4.  Basalt ; 
and  5.  Pitch-stone,  with  porphvry. 

IV.  Mutual  relations  of  different  porphyries  one  to  another. 

1 .  Micaceous  porphyry  and  quartxiferous  porphyry.  This  occurs  in 
Thuringia,  where  the  latter  is  almost  always  the  youngest  rock. 

2.  Quartziferous  porphyries  of  different  ages. 

The  concluding  portion  of  the  work  relates  to  the  occurrence  of 
ores  in  porphyry,  and  the  relation  of  the  latter  to  metallic  Terns. 
Contrary  to  the  opinion  of  former  writers  and  authorities,  recent  in- 
vestigations have  shown  that  the  quartziferous  porphyries  not  only 
frequently  contain  metallic  veins,  out  that,  in  many  districts,  they 
must  he  looked  upon  as  the  true  agent  in  the  production  of  ores.  In 
Siebenburgen  (p.  187)  the  auriferous  rock  is  a  soft,  white,  argillaceous 
porphyry.  The  mountain  Affinish,  which  rises  300  feet  above  V6- 
rdspatak,  consists  of  clay-porphyry,  with  many  large  crystals  of 
quartz.  The  rock  is  perforated  by  numerous  narrow  crevices,  which 
are  often  filled  with  carbonate  of  manganese,  and  also  contain  native 
gold  and  lead  ore*.  In  Mexico  the  quartziferous  porphyry  near  Qua- 
naxuato  is  intersected  by  veins  of  calcareous  spar  and  quarts,  which 
also  contain  gold  and  silver. 

We  cannot  conclude  these  extracts  from  Dr.  LeonhanTs  work 
without  one  more  quotation  respecting  the  localities  from  whence  the 
porphyries  of  the  ancients  were  derived.  Referring  to  the  use  of 
porphyry  by  the  Romans,  our  author  says  (p.  207) : — It  is  less  gene- 
rally known  that  the  Romans  also  obtained  porphyry  from  France, 
which  was  used  in  their  works  of  art.  In  this  respect  the  commu- 
nications of  Coquand  and  Texier  are  of  much  interest.  Between 
the  base  of  the  Esterel  group,  consisting  of  red  porphyry,  and  the 
sea,  there  occurs  a  bluish-green  porphyry.  It  is  generally  called 
Porphyre  des  Caux.  This  fine  stone,  susceptible  of  the  highest  de- 
gree of  polish,  was  used  by  the  Romans  to  adorn  the  harbour  of 
Frejus,  and,  amongst  the  many  valuable  materials  used  to  embellish 
and  enrich  the  town,  there  is  none  to  be  compared  with  this  bluish- 
green  porphyry,  which  was  used  for  numerous  monuments  (aeconhns* 
to  Coquand,  also  to  ornament  the  monuments  at  Ries,  Aix,  Aries,  and 
Orange).  The  stone  was  even  transported  to  Rome,  where,  as  was 
even  the  case  in  Frejus,  it  was  considered  to  have  been  obtained  from 
Egypt  (amongst  other  instances,  Coquand  mentions  several  columns 
in  St.  Peter's  and  in  the  Quirinal  as  made  from  the  porphyry  of 
Frejus).  It  was  for  a  long  time  unknown  that  the  quarries  were  in 
the  immediate  neighbourhood  of  the  town.  Strangers  took  away 
specimens  in  the  conviction  that  they  belonged  to  a  rock  the  locality 
of  which  was  unknown.  The  old  quarries  are,  however,  still  extant. 
They  are  situated  in  a  deep  valley,  distant  1070  metres  from  the  sea- 
shore. Detached  blocks  were  here  found,  as  well  as  iron  wedges, 
driven  into  (and  still  remaining  in)  the  cracks  and  fissures  of  the  rock 
to  facilitate  the  removal  of  large  masses.  An  ancient  vase,  fragments 
of  red  earthenware,  and  a  bronze  medal  bearing  the  head  of  Vespa- 
sian, found  in  the  quarries,  prove  that  they  were  worked,  or  had  at 
least  been  opened,  in  the  time  of  the  Caesars. 

[W.  J.  EL] 

•  LUl     Lilienbtch.  Bou*,  M*ra.  de  la  Soc.  G^oL  de  France,  roL  i.  p*  27*. 
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On  Fossil  Rhinoceros  Remains.    By  C.  Giebel. 

[Jahresb.  naturw.  Vereines  in  Halle.  1851,  pp.  2-9.] 

From  the  great  abundance  in  which  fossil  bones  of  the  Rhinoceros 
occur  throughout  Europe,  there  is  no  doubt  that  for  a  long  time,  fossil 
remains  not  having  yet  met  with  scientific  consideration,  they  were 
abundantly  collected  and,  mixed  with  other  remains,  were  sold  as  the 
unicorne  fossile.  In  my  own  family  for  a  century  past  has  the  sale 
of  the  fossil  Unicorn,  from  the  gypsum-quarries  of  the  Seveckenberg*, 
near  Quedlinberg,  been  carried  on  with  foreign  travellers ;  and  the 
descriptions  of  the  bones,  as  handed  down  from  father  to  son,  tend 
to  prove  that  the  majority  belonged  to  Rhinoceros.  Their  true  ex- 
planation, however,  could  not  have  been  given  at  this  early  period, 
as  nothing  hadyet  been  known  of  the  teeth  and  skeleton  of  the  living 
Rhinoceros.  Tiiis  knowledge  was  supplied  by  Worm,  who  thereby 
afforded  Grew,  in  1681,  the  means  of  asserting  the  existence  of  the 
Rhinoceros  in  a  fossil  state.  In  1668  a  fragment  of  an  upper  jaw 
had  been  exhumed  at  Chartham  near  Canterbury ;  in  this  the  form 
and  position  of  the  orbits  were  evident,  which  enabled  Grew  to  refute 
Somner's  assertion  t  that  this  fragment  of  skull  had  belonged  to  the 
Hippopotamus  J. 

The  next  determination  of  fossil  Rhinoceros  bones  we  meet  with 
is  half  a  century  later.  Numerous  bones  had  been  found  near 
Herzberg,  in  the  Hartz,  which,  from  their  great  size,  had  been  taken 
for  those  of  the  Elephant.  Hollman  compared  them  with  the  skele- 
tons of  the  Elephant  and  Hippopotamus,  and  conjectured,  on  account 
of  their  striking  dissimilarity  to  both,  that  they  belonged  to  the  Rhi- 
noceros. To  confirm  his  conjecture  he  transmitted  a  tooth  to  Meckel, 
who,  during  his  stay  in  Paris,  compared  it  with  the  Rhinoceros, 
afterwards  described  by  Buffon  and  JDaubenton,  and  recognized  its 
perfect  identity  §.  A  mass  of  material,  far  richer  than  had  yet  been 
collected  in  England  and  Germany,  was  found  by  Pallas  in  the  Peters- 

*  [For  an  account  of  these  quarries  by  M.  Giebel,  see  Jahresb.  he.  cit.  p.  15  et 
atq. — Than  8  l.] 
t  Philos.  Transact.  1701. 

X  [See  also  Owen's  Brit.  Foss.  Mam.  p.  331. — Transl.] 
§  Akten  Gotting.  Gesellschaft,  vol.  ii.  1752. 
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burg  Museum,  which  had  been  brought  together  from  the  most 
distant  parts  of  the  Russian  empire.  He  undertook  the  management 
of  this  Museum  in  1 758,  and  his  attention  was  immediately  directed 
to  four  Rhinoceros  skulls,  the  most  perfect  of  which  he  described  in 
1 761  *.  Pallas  soon  afterwards  visited  Siberia,  and  there  found  that 
remarkable  relic,  the  carcase  of  a  Rhinoceros,  on  the  banks  of  the 
Willuji,  an  affluent  of  the  Lena.  This  was  in  December  1771,  and 
two  years  afterwards  f  he  gave  a  description  and  figure  of  some  of  its 
parts,  together  with  that  of  a  perfect  skull  discovered  at  the  Baikal 
Sea.  To  the  latter  he  also  devoted  a  second  memoir  in  the  '  Acta  * 
for  1777,  and,  in  the  'Neuen  Nordischen  Beitragen'  of  1779,  he 
noticed  other  Rhinoceros  bones  discovered  in  Kasan.  During  this 
time,  in  Germany  also,  some  notice  had  been  taken  of  the  fossil  Rhi- 
noceros. Zuckert  illustrated  with  some  fine  drawings  J  the  bones 
that  had  been  exhumed  from  the  Seveckenberg  in  1 728  by  former 
members  of  my  family  and  preserved  in  the  collection  of  Privy  Coun- 
sellor Muller  at  Berlin.  Soon  afterwards,  1 782-84-86,  Merk's  im- 
portant letters  appeared ;  the  first  of  which  contains  a  description  of 
a  skull  and  several  parts  of  a  skeleton  from  the  banks  of  the  Rhine, 
in  the  Darmstadt  district.  In  the  second  letter  was  mentioned  the 
discovery  of  another  skull  near  Worms,  on  which  Collini  also  wrote 
a  memoir  §, — another  skull  from  near  Cum  bach, — two  teeth  from 
Weissennu,  and  a  third  from  Strasburg.  The  last  letter  refers  also 
to  the  bones  dug  up  near  Cologne  and  at  other  places  in  Germany. 
Although  not  conversant  with  osteology,  vet,  from  a  careful  com- 
parison of  the  fossil  remains  with  which  he  was  acquainted,  Merk 
recognised  two  specifically  distinct  Rhinoceroses  as  having  once  ex- 
isted in  Germany,  both  of  which  also  were  decidedly  distinct  from 
the  two  living  species  which  were  then  known  to  naturalists.  Still 
earlier,  Camper  ||  had  pointed  out  the  difference  between  the  specks 
with,  and  the  species  without  incisor-teeth,  and  had  entered  into  a 
discussion  with  Pallas  on  the  presence  of  incisors  in  a  Siberian  skull ; 
the  examination  subsequently  (in  England)  of  a  Sumatran  skull  with 
incisors  convinced  him  of  this  specific  difference. 

These  were  the  materials  on  which  Cuvier  worked,  and  on  which 
his  faculty  of  classification  was  brought  to  bear.  In  1795  and  1797 
he  gave  his  views  on  the  peculiar  species  with  lengthened  skull  and 
two  horns.  In  the  beginning  of  this  century  he  read  an  elaborate 
memoir  on  both  the  fossil  and  the  living  species  of  Rhinoceros,  of 
which  he  distinguished  four  or  five.  But  notwithstanding  Cuvier* t 
satisfactory  exposition  of  the  difference  of  the  species,  Faujas  St.  Pood, 
in  his  'Essai  de  Geologie,'  1801,  asserted  that  the  greater  length  of 
the  skull  and  the  ossification  of  the  nasal  septum  in  the  Siberian 
Rhinoceros  were  conditions  characteristic  merely  of  age,  and  that  the 
animal  differed  not  from  the  species  now  living  in  Central  Africa. 
No  refutation  of  this  view  appeared,  and  it  was  forgotten.  *  In  the 
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'  Memoires  du  Museum'  (vol.  vii.  1806),  Cuvier  gave  a  full  account 
of  the  osteology  of  the  species  of  Rhinoceros  then  known  to  him ; 
and  here  the  Siberian  Rhinoceros  was  recognized  by  distinct  and  im- 
portant characters,  as  a  peculiar  species.    Hitherto  this  had  been 


year  later  in  his  '  Natural  History,*  Blumenbach  gave  it  the  specific 
name  of  Rh.  antiquitatis,  and  Fischer,  in  his  'Zoognosia/  1814, 
changed  it  to  Rh,  tichorhinus,  which  latter  has  been  accepted  by 
Cuvier  and  all  later  writers. 

Cuvier* s  extensive  researches  facilitated  the  specific  determination 
of  fossil  remains  of  the  Rhinoceros,  and  these  were  everywhere  more 
carefully  studied.  The  next  important  discovery  took  place  in  1811, 
in  the  Vale  of  the  Arno,  a  report  of  which  was  given  in  a  letter  from 
Philip  Nesti  to  Targioni  Tozetti.  Cortesi  also  described*,  in  1819, 
a  nearly  perfect  skeleton  which  he  found  in  the  Subapennine  Hills, 
in  the  Placentin.  In  that  Part  of  Cuvier' s  'Ossemens  Fossiles* 
published  in  1822,  this  species  received  the  name  of  Rh.  leptorhinus, 
and  together  with  it  also  the  incisor-teeth  figured  by  Merk,  besides 
a  similar  tooth  from  Avaray,  were  determined  as  belonging  to  Rh. 
incisitms ;  and  a  Rh.  minutus,  from  Moissac,  was,  from  its  smaller 
size,  less  positively  determined.  The  fine  skull  from  Montpellier,  to 
which  Marcel  Serres,  in  the  'Journal  de  Physique/  1819,  had  given 
the  specific  appellation  of  Rh.  monspessulanus,  was  referred  by  Cu- 
vier to  Rh.  tichorhinus.  Whilst  the  last  volume  of  the  *  Ossemens 
Fossiles '  was  in  the  press,  1825,  Cuvier  received,  through  Schleier- 
macher,  drawings  of  the  skull  and  jaw  discovered  near  Eppelsheim, 
by  which  he  was  confirmed  in  his  opinion  of  the  near  alliance  of  the 
Rh.  incisivus  to  the  living  Sumatran  species.  After  the  publication  of 
Cuvier*s  osteological  researches,  the  number  of  the  species  increased 
so  much  in  a  few  years,  that  when  Pander  and  D'Alton,  in  their 
beautiful  work  on  the  Skeletons  of  the  Mammalia,  endeavoured  to 
reduce  the  number,  they  were  far  from  meeting  with  general  appro- 
bation. Henceforth  scarcely  a  year  passed  without  the  announcement 
of  new  localities  for  fossil  Rhinoceros  bones  being  discovered.  Then 
came  that  unfortunate  sera  of  uncriticised  Palaeontology,  1830-43, 
which  produced  a  whole  host  of  new  Rhinoceroses. 

Immediately  after  the  publication  of  the  '  Ossemens  Fossiles/  1 825, 
Baker  and  Durant  noticed  the  discovery  of  fossil  Rhinoceros  remains 
in  the  tertiary  beds  of  the  Sub-Himalayas,  which,  ten  years  later,  they 
ascribe  to  Rh.  unicornis  f ostitis.  In  1828  Clift  and  Buckland  men- 
tion this  species,  from  the  Irawady,  and  subsequently  Cautley  and  Fal- 
coner, from  the  Sub-Himalayas,  under  the  name  Rh.  angustirictus  or 
sivaUnsis.  Croizet  and  Jobert  in  1828  pointed  out  one  of  the  fossil 
bones  from  Auvergne  as  having  belonged  to  a  slender  and  long-legged 
species,  Rh.  elatus.  On  some  unworn  teeth  of  Rh.  tichorhinus,  from 
the  Loes  of  the  valley  of  the  Rhine,  Bronn  made  his  genus  Ccelo- 
dontaf,  which  after  a  short  existence  again  disappeared.  In  the 
same  year  Harlan  %  instituted  his  Rhinoceroidcs  Alleghanensis,  from  a 
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fragment  of  upper  jaw,  found  in  Pennsylvania,  which  bears  not  the 
slightest  resemblance  to  that  of  the  Rhinoceros,  and  indeed  may  well 
be  a  work  of  art.  Other  specific  names  were  produced  by  Kaup  for 
the  Eppelsheim  remains,  together  with  Short  Notices,  in  the  *  Isis/ 

1832,  in  Yon  Meyer's '  Pabeontologica/  1832,  and  in  the  •  Jahrbuch/ 

1833.  Amongst  these  was  Rh.  pachyrhinus,  soon  after  re-named  RJL 
Schleiermacheri,  founded  on  two  perfect  skulls,  jaws,  and  other 
parts,  and,  according  to  Cuvier,  belonging  to  Rh.  incisivus.  RJL 
kypsilorhinus  was  again  transferred  to  the  last-named  species,  and 
Rh.  Goldfussi  was  suppressed.  The  single  incisor  of  Rh.  leptodomy 
from  Wiesbaden,  appeared  to  belong  to  Rh.  Schleiermacheri,  and  the 
four-toed,  hornless  Rh.  incisivus  served  as  the  type  of  the  new  genus 
Aceratherium.  In  1834  the  Third  Part  of  Kaup's  '  Descript.  Oas. 
Fobs.'  appeared  with  a  full  description  of  the  genus  Rhinoceros.  Rh. 
Schleiermacheri,  Rh.  leptodon,  Rh.  minutus,  and,  under  Acerathe- 
rium, Rh.  incisivus  and  Rh.  Gold/ussi,  were  referred  to  as  individual 
species.  The  same  year  was  further  distinguished  by  De  ChristoTs 
Memoir  on  the  History  of  Rhinoceroses.  With  the  aid  of  new  ma- 
terials this  writer  undertook  a  critical  examination  of  Cuvier' s  species. 
jRA.  tichorhinus  retains  incisors  in  the  under,  and  probably  m  the 
upper  jaw ;  Rh.  leptorhinus  is  dissolved,  its  skull  being  given  to  Rh. 
tichorhinus,  the  bones  of  its  extremities  to  Rh.  incisivus.  The  pe- 
culiar characters  which  Cuvier  could  not  recognise  as  satisfactory  in 
the  remains  of  the  Rh.  incisivus  he  had  at  his  command,  are  pointed 
out  in  the  Montpellier  skull  by  De  Christol,  who  thought  that 
on  account  of  these  newly  found  evidences  of  specific  character  it 
should  bear  the  new  name  Rh.  megarhinus.  In  the  same  year  also 
Cortesi  discovered  a  second  skeleton  in  the  Placentin  ;  and,  mistaking 
the  humerus  and  femur,  and  the  form  of  the  tip  of  the  jaw  and  of 
the  last  upper  molar,  found  in  it  new  generic  characters,  the  naming 
of  which,  however,  by  the  advice  of  Blainville,  was  postponed.  On 
the  other  hand,  the  well-known  deposit  of  Sansan  afforded  numerous 
bones  which  Lartel,  also  in  1834,  distributed  under  the  names  of  Rh. 
brevimaxillaris,  Rh.  longimaxillaris,  and  Rh.  quadridigitatus  or 
inermis.  The  description  of  these  did  not  appear  until  1836  *,  and 
then  with  some  alterations  of  names — the  species  with  four-toed 
fore-feet  and  three-sided  incisors  appearing  as  Rh.  tetradactylus  Ion- 
gimaxiUaris,  the  smaller  one,  with  slender  legs  and  shorter  jaws,  as 
Rh.  tetradactylus  brevimaxillaris ;  with  a  third,  unnamed  species. 

In  Germany,  in  1835-39, 6.  F.  Jager  was,  like  Kaup,  busily  engaged 
in  multiplying  the  specific  names  in  his  'History  of  the  Fossil  "verte- 
brates of  Wurtemburg.'  The  species  he  there  gives  are — Rh.  Kirch- 
bergensis,  established  on  two  upper  and  one  lower  molar, — acknow- 
ledged by  Kaup,  and  by  him  changed  to  Rh.  MerkU,  identified  by 
Owen  as  Rh.  leptorhinus,  and  by  Blainville  placed  with  Rh.  incisirm*, 
— Rh.  chetrocephalus,  identified  with  Rh.  incisivus  by  Jiger  himself, 
who  appears  to  have  chosen  this  probably  only  as  a  provisional  name, 
— Rh.  molassicus,  which,  according  to  the  notice  of  Jager*s  work  in 
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the  'Jahrbuch,'  1837,  rests  only  upon  the  fragment  of  an  upper 
molar, — Rh.  Steinheimensis — according  to  Blainville  this  agrees  some* 
what  with  Rh.  minutus,  and  he  refers  its  teeth  to  those  of  the  Palce- 
otheres  and  Lophiodons.  Lastly,  we  must  mention  the  Tapiroporcus, 
which  Jager  established  on  the  milk-teeth  of  the  Rhinoceros. 

In  the  last  ten  years  criticism  has  been  as  busy  as  species-making. 
Owen's  excellent  work  on  the  Fossil  Mammalia  of  England  threw 
great  light  on  Rh.  tichorhinus  and  Rh.  leptorhinus  by  his  compre- 
hensive description  of  these  species.  The  Monography  of  the  Rhino- 
ceros, in  Blainville's  great  work  on  Mammalia,  also  appeared  about 
the  same  time.  The  result  of  three  years'  labour,  with  the  help  too 
of  a  prodigious  mass  of  material,  does  not  satisfy  this  critical  observer. 
He  points  out  the  existence  of  two  living  species  in  Africa  and  of 
three  in  Asia.  Of  the  fossil  species  he  regards  as  well  established 
the  Rh.  tichorhinus,  Rh.  leptorhinus,  Rh.  unicornis  fossilis,  and  Rh. 
incisivus,  the  males  of  which  last  species  have  been  described,  ac- 
cording to  the  different  conditions  of  age,  as  Rh.  Goldjussi,  Rh. 
Schleiermacheri,  Rh.  Merki,  Rh.  minutus,  and  Rh.  status ;  and  the 
females  of  which  have  no  horn. 

To  the  new  species  have  been  added  in  the  course  of  the  last  ten 
yeare  Rh.  tapirinus,  by  Pomel  *,  from  the  tertiary  beds  of  the  Puy 
de  D6me,  and  by  Raulin,  1848,  from  the  same  place,  Rh.  brachypus, 
and  Rh.  tetradactylus  from  Sansan. 

The  discovery  of  a  very  young  lower  jaw  with  the  sockets  of  incisor- 
teeth  misled  me  into  establishing  a  genus — Hysterotherium,  which 
I  withdrew  on  obtaining  a  more  perfect  jaw,  that  enabled  me  to  re- 
cognize it  as  belonging  to  a  young  Rh.  tichorhinus.  The  exhuma- 
tion of  nearly  all  the  parts  of  a  skeleton  of  the  Rh.  tichorhinus,  nu- 
merous specimens  of  various  bones,  as  well  as  the  skeleton  from  Nord- 
hausen,  now  in  the  Museum  of  this  place,  has  enabled  me  to  examine 
this  species  more  particularly  than  had  been  hitherto  done.  But 
Brandt's  Memoir  on  the  Rhinoceros  tichorhinus,  just  commenced,  in 
the  '  Memoirs  of  the  Petersburg  Academy,'  which  will  contain  not 
merely  a  richer  mass  of  material,  but  indeed  valuable  information  on 
the  soft  parts,  renders  a  more  detailed  account  of  my  researches  un- 
necessary. 

[T.  R.  J.] 

On  Borings  in  Search  of  Rock-salt,  in  Switzerland. 
By  P.  Mkrian. 

[Bericht  VerhandL  Naturf.  Gesellsch.  Basel,  1851,  ix.  pp.  41-44.] 

M.  KOhly,  Engineer,  of  Biel,  who  has  been  perseveringly  engaged 
for  many  years  in  the  search  for  Rock-salt  in  the  interior  of  the  Jura, 
has  commenced  boring  at  the  village  of  Wysen,  Canton  Soleure,  near 
the  Lower  Hauenstein. 

Wysen  stands  on  the  great  development  of  Muschelkalk  which 
composes  the  northern  Jura,  and  which  extends  uninterruptedly  from 
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the  neighbourhood  of  Baden*  by  Habsburg,  Dentschburen,  Kien- 
berg,  Laufelfingen,  Oberdorf,  and  Reigoldxwyl  as  far  west  as  Mel- 
tingen  in  the  Canton  of  Soleure.  To  the  south  of  this  fine  range  of 
Muschelkalk,  which  indicates  the  principal  line  of  elevation  in  the 
northern  Jura,  the  high  inclinations  and  inversions  of  the  strata  com- 
mence, which  contrast  strongly  with  the  more  horizontal  bedding 
which  prevails  to  the  north.  The  first  bore  was  put  down  at  Ablecken, 
west  of  Wysen,  near  the  bend  in  the  new  road  to  Hauenstein,  the 
strata  consisting  of  nearly  horizontal  beds  of  compact  Muschelkalk, 
the  Friedrichshall  limestone  of  Alberti.  At  a  depth  of  240'  (Swiss 
measure)  white,  grey,  and  black  gypsum  was  passed  through,  which 
continued  to  the  depth  of  480',  frequently  alternating  with  black 
slaty  clay,  bituminous  limestone,  and  hornstone.  The  water  at  this 
depth  contained  4  per  cent,  of  salt.  At  the  end  of  June  1848,  at  a 
depth  of  498',  variegated  marl  with  gypsum  was  bored  through,  per- 
fectly indistinguishable  from  the  marls  of  the  Keuper.  In  the  be- 
ginning of  July,  somewhat  deeper,  small  silicified  Ammonite*,  belong- 
ing to  the  upper  beds  of  the  Gryphite-limestone,  were  found  in  the 
boring  tools.  It  follows,  therefore,  that,  notwithstanding  the  hori- 
zontaOty  of  the  beds  at  the  surface  at  the  spot  where  the  bore  is  put 
down,  there  is  a  total  inversion  of  the  masses,  which  has  thrown  the 
Muschelkalk  above  the  Keuper  and  the  Gryphite-limestone.  The 
horizontality  of  the  Muschelkalk  is  in  fact  confined  to  this  locality ; 
for  through  all  the  rest  of  its  range  the  bedding  is  greatly  disturbed, 
and  exhibits  great  faults  and  flexures  within  short  distances. 

These  results  are  in  accordance  with  those  obtained  in  1834  from 
the  borings  at  Oberdorf,  in  the  western  prolongation  of  the  Muschel- 
kalk of  Wysen,  where  at  a  depth  of  580'  the  Keuper  marls  were 
reached  under  the  Muschelkalk*.  Similar  bonnes  at  Kienbers,  in 
Soleure,  to  the  east  of  Wysen,  on  the  same  Muschelkalk  range,  have 
also  failed ;  but  the  author  is  not  acquainted  with  further  particulars. 

These  discouraging  failures  did  not  deter  M.  Kohlv  rrom  boring 
afresh  in  1850,  to  the  eastward  of  Wysen,  at  the  brook  which  flows 
past  Zeglingen.  The  spot  chosen  was  in  a  valley,  closed  in  to  the 
north  by  the  Wysenberg  with  its  highly-disturbed  beds  of  Muschel- 
kalk, and  to  the  south  by  the  Wysen flun,  on  whose  escarpment  from 
the  base  to  the  summit  the  whole  series  of  beds  from  the  Muschel- 
kalk to  the  Great  Oolite  is  exhibited.  Up  to  June  1S50  the  beds 
bored  through  were  the  following : — 

Porous  limestone  (upper  dolomitic  division  of  the  Muschelkalk)  152 

f  mpact  Muschelkalk  (Friedrichshall  limestone)   156 

I  "arse  white  and  yellow  marls,  gypsum,  and  clay    78 

386 

M.  Kohly  writes  on  the  12th  November,  1850,  that  he  had  reached 
■32',  in  a  smoke-grey  gypsum,  alternating  with  black  saline  day, 
aetimes  bituminous,  and  with  grey  and  yellow  marl  and  limestone. 
While  the  present  paper  was  in  the  press,  the  200th  Number  of  the 
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Journal  of  the  Naturalists  of  Berne  appeared,  in  which  M.  Thurmann 
announces  the  interesting  fact,  that  in  the  borings  also  made  by  M. 
Kohly  in  1828,  at  Cornol  near  Pruntrut,  after  passing  through  the 
Keuper  at  the  surface,  and  a  remarkable  thickness  of  Muschelkalk 
beneath  it,  unquestionable  Oxford  Clay  with  its  characteristic  fossils 
was  reached  at  a  depth  of  1 100'. 

This  is  a  still  more  remarkable  instance  of  displacement  than  those 
observed  at  Wysen  and  Oberdorf.  Cornol  moreover  is  in  the  western 
prolongation  of  the  great  line  of  elevation,  which  from  Baden  to  Mel- 
tingen  has  brought  the  Muschelkalk  to  the  surface,  but  further  west- 
ward, in  the  Valley  of  the  Vorburg,  near  Delsburg  and  near  Cornol, 
the  Keuper  only. 

M.  Kohly  has  also  bored  near  Grellingen,  six  miles  above  Basle, 
close  to  the  right  bank  of  the  Birs.  The  strata  consist  of  compact 
beds  of  the  Great  Oolite,  with  a  southern  dip  of  about  10°.  Higher 
up  the  valley  is  surrounded  by  rocks  of  the  Coralline  Limestone.  The 
work  was  undertaken  with  the  view  of  boring  through  the  Great 
Oolite,  the  entire  thickness  of  the  Lower  Oolite,  the  Gryphite  lime- 
stone, the  Keuper,  and  the  Muschelkalk,  down  to  the  saliferous  marls. 
The  depth  to  be  bored  was  consequently  very  considerable.  Accord- 
ing to  M.  Kohly' s  estimate,  he  first  sank  through  270'  of  compact 
ooute,  then  dark  grey  marls,  which  by  falling  in  greatly  impeded  the 
boring.  It  was  frequently  necessary  to  put  down  iron  pipes,  to  take 
them  up  again  and  replace  them  by  new.  The  consequence  was, 
that  it  was  impossible  to  be  certain  in  what  strata  the  workings  were 
being  carried  on.  At  last  iron  pipes  were  put  down  to  a  depth  of 
1200',  and  the  boring-hole  cleaned  out.  At  1283'  variegated  marls 
with  gypsum,  clearly  of  the  Keuper  series,  were  reached,  and  con- 
tinued to  1413',  the  depth  attained  by  the  borings  at  the  latest  in- 
telligence, 12th  November,  1850.  M.  Kohly  thinks  that  he  passed 
through  the  Muschelkalk  at  the  depth  of  between  900'  and  1200' ; 
then,  that  he  reached  an  inverted  mass  of  that  formation,  and  lastly, 
again  found  himself  in  the  Keuper.  These  sinkings,  however,  do 
not  appear  to  M.  Merian  to  justify  this  conclusion.  In  this  gentle- 
man's opinion  there  is  no  proof  of  an  abnormal  succession  of  strata, 
by  which,  as  the  depth  increased,  newer  beds  were  found  under  older, 
especially  since  in  thiB  view  of  it  the  thickness  of  beds  between  the 
Oolite  and  Keuper  would  be  considerably  greater  than  where  they 
are  exposed  to  day  in  that  neighbourhood. 

[J.  C.  M.] 


On  the  Geology  of  Paraguay.   By  P.  Merian. 

[Bericht  Verhandl.  Naturf.  Gesellach.  Basel,  1851,  ix.  pp.  51-53.] 

Paraguay  is  upon  the  whole  a  flat  country,  especially  in  its  southern 
part  near  the  confluence  of  the  Paraguay  River  with  the  Parana.  In 
this  quarter  no  rock  is  exposed,  but  merely  silt,  underlaid  by  clay 
and  sand.  After  the  inundations,  culinary  salt  (which  is  collected 
for  domestic  purposes),  mixed  with  sulphate  of  soda  and  sulphate  of 
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magnesia,  is  found  on  the  mud.  Concretions  of  iron-stone  are  some* 
times  found  in  the  sand.  Further  to  the  north  and  east,  towards 
Angostura  and  Asuncion,  the  country  becomes  more  hilly.  The 
hills  are  principally  formed  of  a  fine-grained  grey  sandstone*  in  hori- 
zontal beds  or  with  a  slight  dip  to  the  north  t  it  is  sometimes  com- 
pact enough  to  be  used  for  a  building-stone,  and  quarries  hare  been 
opened  in  the  hills  near  Emboscada.  The  sandstone  contains  many 
beds  of  conglomerate,  resembling  Nagelfluh.  In  several  places  be- 
tween Asuncion  and  Villarica,  magnetic  iron  is  found  in  the  sand- 
stone, which  has  partly  passed  into  oxide  of  iron  and  hydrated  per- 


stone  are  found  in  the  streams.  This  sandstone  is  of  tertiary  age* 
Near  Asuncion  it  contains  a  thick-shelled  oyster,  resembling  Osirtta 
canadensis,  Lam.  Near  the  same  town,  bones  of  fossil  Mammalia 
have  been  found,  which  according  to  Rengger  belong  to  the  Mtfm- 
therium.  They  were  found  at  a  moderate  depth  in  a  sand?  loam, 
which  distinctly  belongs  to  the  Diluvium  and  not  to  the  underlying 
sandstone. 

Higher  up  the  Paraguay,  north  of  Tavego,  occurs  a  fine-grained 
calcareous  sandstone,  of  a  yellow  and  grey  colour,  which  is  used  for 
whetstones. 

Limestone  has  lately  been  found  on  the  left  bank  of  the  Paraguay, 
from  25  to  30  leagues  north  of  Villareal ;  this  is  the  only  spot  m 
Paraguay  where  it  is  found  in  situ. 

Near  Itapua  on  the  river  Parana  there  occurs  a  round  lump  of 
calcedony,  of  a  honey-yellow  colour,  and  filled  with  quarts;  wtuch 
makes  it  probable  that  trap  exists  to  the  east  of  the  extensive  tertiary 
formation.  Similar  fragments  of  calcedony  and  quarts  are  found  in 
the  streams  of  the  forest-country,  or  Montes,  opposite  to  the  fliura 
de  St.  Jose.  A  fragment  found  near  Yhu  consisted  of  a  compact 
granular  quarts  or  quartsose  sandstone.  Lastly,  the  streams  also 
bring  down  little  bits  of  a  coarse-grained  granite  with  flesh-coloured 
felspar.  Our  traveller*  has  not  reached  the  range  of  mountains 
whence  these  specimens  were  derived. 


*  M.  Rengger,  whose  ooUeotton  of  rock-specimens  hat  been  ntsasntsd  to  the 
Basle  Museum. 


[J.  C.  MO 
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On  Graptolites.    By  Prof.  Dr.  H.  B.  Geinitz. 

[Zeitschrift  dor  Deutschen  Geolog.  Gesellsch.  voL  iii.  p.  388-390.] 

In  a  brief  notice  of  his  work  on  Graptolites  *,  Dr.  Geinitz  gives  the 
results  arrived  at  after  a  critical  examination  of  all  the  species  of 
Graptolites  published  up  to  the  end  of  1851. 

The  number  of  real  species  Dr.  Geinitz  limits  to  60.  The  following 
is  a  synopsis  of  the  genera,  with  observations. 

Family  Graptolithinjs,  Bronn. 

Genus  1.  Diplograpsus,  M'Coy. 

Syn. — Diprion,  Barrande  ;  Petalolithus,  Suess. 
Characters. — Biserial,  with  a  solid  axis. 
Number  of  species,  17. 

Genus  2.  Nereograpsus,  Geinitz. 

Syn. — Nereites,  Myrianites,  Nemertites,  &c,  Auctorum. 
Character*. — Biserial.  The  stem  having  no  central  axis,  or  a  very 
soft  one. 

Number  of  species,  about  7.  Type.  Nereites  Cambrensis,  Mur- 
chison. 

Note. — In  specimens  from  Saalfeld  I  saw  the  cell-mouths  distinctly. 

Genus  3.  Cladograpsus,  Geinitz. 

Characters. — With  two  branches,  or  forked. 
Number  of  species,  7.    Types.  Graptolithus  Murchisoni,  Beck, 
and  Graptolithus  ramosus,  Hall. 

Genus  4.  Monograpsus,  Geinitz. 

Syn. — Monoprion  and  Rastrites,  Barrande  ;  Graptolithus,  Suess. 
Number  of  species,  28. 

*  '  Die  Versteinenmgen  der  Grauwackcufonnation  in  Sacbsen  and  den  angren- 
zenden  Landen-abtheilung.  Heft  1.  Die  Graptolithen.  58  pp.  6  Lith-Plates. 
4to.  Leiptic,  1852/ 
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Genus  5.  Retiolites,  Barrande. 
Syn. — Gladiolites,  Barrande. 

Characters. — Biserial ;  the  upper  surface  covered  with  a  net- 


Number  of  species,  one. 
Note. — This  genus  differs  in  its  characters  so  very  much  from  the 
rest,  that  it  would  he  injudicious  to  name  it  afresh  on  the  plan  on 
which  the  foregoing  have  been  named,  at  the  expense  of  the  generic 
appellation  given  by  M.  Barrande. 

Observations. — The  generic  name  Diprion  having  been  laid  aside, 
Monoprion  also,  for  the  sake  of  uniformity,  should  be  changed  to 
Monograpsus. 

It  is  not  advisable  that  the  name  GraptoUthus  should  be  applied 
to  any  group  of  the .  Graptolithitut ;  for  the  GraptoUthma  collec- 
tively will  long  be  spoken  of  as  "  Graptolites," 

as  is  the  case  with 

" Trilobites,"  " Terebratulae,"  and  "Ammonites."  I  have  sepa- 
rated Graptolithu*  gracilis.  Hall,  G.  Haltianus,  Prout,  and  Lopho- 
ctenium  comosum,  Richter,  from  the  family  of  the  Graptotithinm,  and 
placed  them  with  the  Sertularida.  M.  Barrande* 8  genus  Rastritem 
is  so  nearly  connected  with  Monograpsus  through  the  R.  triangulaht*, 
Harkness,  which  was  first  a  Rastrites  and  then  a  Monograpsus,  that 
I  have  placed  them  together.  Birastrites  also  occur,  answering  to 
Diplograpsus. 

In  all  Graptolithinct  the  lower  or  basal  extremity  is  the  thinnest 
end  of  the  stem,  in  an  upward  or  forward  direction  from  which  cells 
or  cell-germs  are  placed. 

The  GraptolithiruB  lived,  like  their  existing  allies,  the  Firgulsri*, 
either  free  in  the  sea,  or  attached  by  a  foot- stalk  to  the  mud  of  the 
shore  ;  some,  perhaps,  remained  attached  only  for  a  short  time. 

The  surface  of  the  Graptolites  in  the  slate  is  frequently  converted 
into  Talc,  which  has  generally  been  taken  for  a  silicate,  and  in  some 
Grap  tolite-  schists  traces  of  jet  are  present. 


On  the  Flora  of  the  Transition  Rocks. 
By  Prof.  Dr.  H.  R.  Goeppert. 

[Zeitschrift  Deottch.  geoL  Getell.  1851,  voL  UL  p.  185-207  ] 

In  announcing  that  he  hoped  soon  to  be  enabled  to  publish  the  re- 
sults of  his  researches  in  the  Flora  of  the  Transition  Rocks,  Dr.  Goep- 
pert observed  that  in  the  term  "  Transition  Formation  "  he  includes 
all  the  different  strata  older  than  the  Coal  Formation, — the  newer 
Grauwacke  of  Silesia  and  Saxony,  which  is  evidently  the  analogue  of 
the  .Millstone  Grit  or  Sandstone  underlying  the  Coal-measures  in 
England,  the  Posidonomya-schist  of  the  faarx  and  Nassau,  the  Car- 
boniferous Limestone,  the  older  Rhenish  Grauwacke  or  Spirifer- 
sandstone,  and  analogous  rocks  in  North  America,  generally  known 
as  Devonian  rocks,  and  lastly  the  Silurian  Formation.    In  all  these 


[T.  R.  J.] 
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remains  of  Plants  have  been  found.  Dr.  Goeppert's  work  com- 
prises : — 

1.  A  sketch  of  the  distribution  of  the  "Transition"  strata  in  all 
parts  of  the  globe. 

2.  The  Plant-remains  of  the  Transition  formation  and  their  state 
of  preservation. 

3.  The  Transition  rocks  of  Silesia.  These  require  a  separate 
notice  on  account  of  the  great  number  of  their  fossil  plants — nearly 
the  half  of  those  hitherto  known. 

4.  A  systematic  description  of  the  "  Transition  "  plants. 

5.  Paleeontological  and  geological  results. 

6.  Explanations  of  the  plates,  of  which  forty  (4  to  and  folio),  illus- 
trative of  these  fossil  plants,  are  already  finished. 

The  Professor  then  gives  a  general  view  of  the  species  systemati- 
cally arranged,  together  with  their  stratigraphical  relations,  and  the 
localities  where  they  have  been  found.  This  is  succeeded  by  the 
following  geological  view  of  the  "  Transition  "  flora,  the  species  being 
arranged  according  to  the  formations. 

I.  SILURIAN  FORMATION. 

I.  Lower  Silurian. 

1.  Potsdam  Sandstone. 
Scolecolithus  linearis*,  Haldeman. 

2.  Calciferous  Sandrock. 

Palseophycus  tubulins,  Hall.  Buthotrephis  antiquata,  Hall. 
  irregularis,  Hall. 

3.  Bird's  Eye  Limestone. 

Pbytopais  tubulosa,  HalL  Phytopsis  cellulosa,  Hall. 

4.  Trenton  Limestone. 

Palseophycus  rugosus,  HalL  Buthotrephis  succulenta,  HalL 

 simplex,  HalL  Sphacrococcites  Serra,  Sternb. 

Buthotrephis  gracilis,  HalL   dentatusf,  Sternb. 

5.  Utica  Slate. 
Sphenothallus  angustifolius,  Hall. 

6.  Hudson  River  Group. 

Palseophycus  virgatus,  HalL  Sphenothallus  latifolius,  Hall. 

Buthotrephis  subnodosa,  Hall. 

*  [See  Mr.  Logan's  Observations  on  the  Scolithut,  supra,  Part  I.  p.  196.  Other 
Canadian  Fucoids  are  mentioned  by  Mr.  Logan,  loc.  cit.  p.  197  (a  reticulated 
form),  and  p.  203  (a  bilobed  form). — Transl.] 

f  These  two  species,  first  described  by  Adolph  Brongniart  as  Fucoidet,  were 
found  in  limestone  strata  near  Quebec,  a  district  regarded  as  Trenton  Lime- 
stone by  the  American  geologists,  who  do  not,  however,  mention  these  fossils. 
Perhaps,  after  all,  they  are  not  Plants,  but  Graptolites,  which  indeed  I  think  is  far 
from  being  improbable.  [Both  are  Graptolites.  See  Geinitz's  '  Graptolithen.' — 
Tranbl.] 
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II.  Upper  Silurian. 

1 .  Medina  Sandstone. 
Harlania  Hallii,  Goeppert.  Tocoides  anrirbrmis,  BaU. 

2.  Clinton  Group. 
Chondrites  antiquus,  Brongn.  sp. 


II.  DEVONIAN  ROCKS. 


Europe. 

Older  or  Rhenish  Grauwacke 

(Spirifer-sandstone). 
Haliserites  Decbianus,  Goepp. 
Chondrites  antiquus,  Brong*.  sp. 

 Nessigii,  F.  A.  Moem.  sp. 

Sagenaria,  sp. 

Delesserites  antiquus,  Goepp, 
Asterophyllites  Roemeri,  Goepp. 
Dactylopteris  Suehleriana,  Goepp. 


Ambbjca. 

1.  Hamilton  Group. 
Knorrise,  sp. 
Sagenaria;,  sp. 

2.  Chemung  group. 
Sphenopteris  Halliana,  Goepp. 
Sagenaria  chemungessis,  Got  pp. 
Sigillaria  Vanuxemi,  Goepp. 


Cypridina  Schist. 
Conferrites  acicularis,  Goepp.  Sphserococrites  lichenoides,  Goepp. 


III.  CARBONIFEROUS  LIMESTONE. 


Asterophyllites  elegans,  Goepp. 
Calamites  transitionis,  Goepp. 
Zygopteris  tubicaulis,  Goepp. 
Gyropteris  sinuosa,  Goepp. 
Sphenopteris  refracta,  Goepp. 
Cyclopteris  dissecta,  Goepp. 

 Bocksehii,  Goepp. 

 frondoea,  Goepp. 

 ,  sp.  (fragment). 


LycopodHes  aticularia,  Goepp. 
Cardiocarpon  punctulatum,  Goepp.  and 
Berper. 

Lepidodendron  squamosum,  Goepp* 
Noeggerathia  obliqua,  Goepp. 
Stigmaria  ficoides,  c.  Anabratha,  Goepp. 
Protopitys  Bucbeana,  Goepp. 
Araucarites  Beinertianus,  Goepp. 


IV.  POSIDONOMYA  SCHIST*. 


Anarthrocanna  stigmarioides,  Goepp. 
♦Bornia  scrobiculata,  Stent. 

Sphenopteris  pachyrracbia,  Goepp. 

Hymenophyllitea,  sp.  (fragment). 

Odontopteris  imbricata,  Goepp. 

Cyclopteris,  sp.  (fragment). 
*Lepidodendron  bexagoaum,  Goepp. 

Sagenaria  depressa,  Goepp. 


*  Sagenaria  Vdtheimiana,  Stern*.  sp. 

 Roemeriana,  Goepp. 

 geniculata,  F.  A. 

Knoma  polyphylla,  F.  A. 

 Jugteri,  F.  A.  Moem. 

 Goepperti,  F.  A.  Moem. 

 megastigma,  F.  A.  Moem. 

Stigmaria  ncokks,  X.  Issris,  Goepp. 


*  According  to  P.  A.  Roemer  the  newer  grauwacke  beds  alternate  with  the  IW- 
donomya-schist.  Von  Dechen,  however,  does  not  take  this  riew.  Dr.  Goeppert, 
therefore,  separates  these  formations,  and  has  marked  with  an  asterisk  the  spencs 
that  are  common  to  the  two. 
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V.  NEWER  GRAUWACKE  OF  THE  HARZ,  SAXONY,  AND 

SILESIA. 

(The  equivalent  of  the  lower  beds  of  the  English  Coal  Formation.) 

The  species  marked  f  occur  also  in  the  Carboniferous  Limestone,  those  marked  ft 
in  the  Coal-measures,  and  those  marked  *  in  the  Posidonomya-schist. 


Equisetites  radiatus,  Brongn.  sp. 
fCalamites  transitions,  Goepp. 

ft  cannsformis,  Schloth, 

 Roemeri,  Goepp. 

 dilatatus,  Goepp. 

—  tenuissimus,  Goepp. 

—  obliquus,  Goepp. 

 variolatus,  Goepp. 

 Voltzii,  Brongn. 

Stigmatocanna  Volkmanniana,  Goepp. 
Anathrocanna  approximata,  Goepp. 
 tuberculosa,  Goepp. 

 deliquescens,  Goepp. 

*Bornia  scrobiculata,  Sternb. 

Asterophyllites  pygmsus,  Brongn. 

 Hausmannianus,  Goepp. 

Sphenopteris  Beyrichiana,  Goepp. 

 anthriscifolia,  Goepp. 

 imbricata,  Goepp. 

ft  obtusiloba,  Brongn. 

tfHymenophyllites  Gersdorfii,Prtf/,sp. 

 ,  sp.  (fragment). 

ff  dissectus,  Brongn.  sp. 

Trichomanites  grypophyllus,  Goepp. 

 sp.  (fragment). 

tfNeuropteris  Loshii,  Brongn. 

Odontopteris  Stechleriana,  Goepp. 

Cyclopteris  fiabellata,  Brongn. 

 tenuifolia,  Goepp. 

ffCyatheites  asper,  Goepp. 

Pecopteris  stricta,  Pretl,  sp. 

Noeggerathia  sequalis,  Goepp. 

—  distans,  Goepp. 


Noeggerathia  ovata,  Goepp. 

 abscissa,  Goepp. 

Lycopodites  Stieblerianus,  Goepp. 
*Lepidodendron  hexagonum,  Goepp. 
♦Sagenaria  Veltheimiana,  Sternb.  sp. 

ft  aculeata,  Mart.  sp. 

f  acuminata,  Goepp. 

 remota,  Goepp. 

 concatenate  Goepp. 

 ,  sp.  (fragment). 

Ancistrophyllum  stigmarisefonne, 
Goepp. 

Dechenia  euphorbioides,  Goepp. 
Didymophyllon  Schottini,  Goepp. 
Megaphytum  Kuhianum,  Goepp. 

 remotissimum,  Goepp. 

 dubium,  Goepp. 

 Hollebeni,  Unger. 

Knorria  imbricata,  Sternb. 

 longifolia,  Goepp. 

 acicularis,  Goepp. 

 Schrammiana,  Goepp. 

Stigmaria  ficoides,  Brongn. 

 ,  p.  undulata,  Goepp. 

 ,  e.  sigillarioide8f  Goepp. 

 ,  Z.  insequalis,  Goepp. 

— 1 — ,  0.  elliptica,  Goepp. 
Sigillaria  minutissima,  Goepp. 
—  Voltzii,  Brongn. 

 densifolia,  Brongn. 

 undulata,  Goepp. 

Araucarites  Tschikatscheffianus, 
Goepp. 


Results. — Though  I  dare  predict,  says  the  Professor,  that  within 
a  few  years  after  the  publication  of  my  work  a  great  number  of  addi- 
tional species  will  be  discovered  in  tne  Transition  series  (fifty  have 
been  observed  by  myself  in  Silesia  alone,  a  very  limited  area  in  com- 
parison with  the  extent  of  this  formation),  yet  I  will  venture  to  draw 
some  conclusions  from  the  phenomena  of  which  we  are  already 
cognizant. 

1 .  Land-plants  are  not  found  in  the  oldest  or  Silurian  strata,  as  the 
very  elaborate  researches  of  the  American  geologists  prove.  It  is  to 
be  hoped  that  equally  careful  investigations  will  before  long  settle  this 
question  for  Europe  also.  Marine  plants,  and  especially  Fucoids, 
constitute  the  first  form  of  vegetation  on  our  planet.  Yet  we  cannot 
affirm,  although  some  of  these  plants,  for  example,  Harlania  Hallii, 
appear  to  have  possessed  a  very  peculiar  organization  (with  respect 
to  which  further  researches  can  alone  enlighten  us),  that  this  earliest 
vegetation  was  really  so  different  from  the  existing  marine  flora,  as 
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may  be  said  of  the  terrestrial  vegetation  of  the  Coal  Period,  at  com* 
pared  with  that  of  the  present  day. 

2.  In  America,  as  in  Europe,  the  first  land-plants  Appear  to  hare 
a  very  isolated  distribution,  and  belong  to  known  families  and  genera 
of  the  Coal-flora  (Lycopodiacca,  Filices,  and  Asterophyilites)  mingled 
with  marine  plants  (Fucoids),  which  last  belong  to  certain  strata,  as 
those  of  the  Cypridina-schist,  perhaps  exclusively. 

3.  In  the  Carboniferous  Limestone  Plants  are  already  numerous, 
and  Fucoids  wanting,  at  least  they  have  not  yet  been  discovered.  To 
the  families  that  have  appeared  earlier,  are  now  added  Ferns  in  greater 
variety,  as  also  Stigmarue,  Sigillarue,  Noeggeratkut,  and  Com/era, 
the  last  partly  without  annual  rings.  With  the  small  number  of  Ferns 
the  prevalence  of  the  NeuroptericUe  is  to  be  remarked — as  is  also  the 
case  in  the  succeeding  formations.  Next  to  this  family  come  the 
Sphcnopteridcc.  The  Pecopterufa  appear  for  the  first  time  in  suc- 
ceeding strata. 

4.  The  flora  of  the  Posidonomya-schist,  in  respect  to  genera  and 
species,  is  not  really  separable  from  that  of  the  younger  Urauwacke, 
which  I  have  parellelea  with  the  Millstone-grit  of  England, — indeed 
in  different  districts,  as  in  the  Harts  and  Silesia,  they  have  several 
species  in  common.  In  this  formation  (comprising  both  the  above), 
Fucoids  are  altogether  wanting.  Calamite*  and  Ferns,  especially  the 
Neuropterida  and  SphtnopteruUe,  predominate.  The  Pecopteridm, 
however,  are  represented  by  two  species  only.  This  formation  has 
only  one  species  (Sagenaria  acuminata*)  in  common  with  the  more 
ancient  Carboniferous  Limestone,  whilst  there  are  no  less  than  six 
common  to  it  and  the  younger  Coal-formation,  viz.  CaJamtet  c*m~ 
naformis,  Sphenopteris  obtutiloba,  Hymenopkytlite*  dissechuf,  Xeu- 
ropterU  Loihii,  Cyatkeites  asper,  and  Sagenaria  aculeata. 

5.  The  total  number  of  species  (inclusive  of  nine  distinct  forms, 
too  fragmentary,  however,  to  be  characterized)  as  yet  found  is  121, 
belonging  to  the  following  families : 


Fucoides    24 

Equisetes    14 

Asterophyllites   4 

f  Sphenopterides   16 

Filices.<  Neuropterides    10 

t  Pecopteride8   3 

Noeggerathiae    5 

Lycopodiaceae    36 

Si^illarieae   5 

Stigmariae   1 

Coniferss    3 


121  Species. 

*  [This  species  is  omitted,  perhaps  by  mistake,  from  the  list  of  Carboniferovs 
Limestone  plants.  On  the  other  hand,  dlmmule  trmnmtmm  is  especially  indicated 
as  belonging  both  to  this  formation  and  to  the  M  Younger  Graowacke."  Then 
would,  therefore,  appear  to  be  two  species  common  to  the  two  fofsrin—  — 
Transi.] 

t  [//.  Gmdorfli  makes  a  seventh  species  common  to  the  two  formations :  see 
the  hst.— Teansl.] 
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All  the  more  important  families  of  the  Coal-formation,  with  the 
exception  of  the  Cycadece  and  Palnue,  which  are  rare  even  in  that 
formation,  are  here  represented.  Hence  it  necessarily  follows,  as 
Brongniart  has  also  maintained,  that  in  the  long  period,  from  the 
first  appearance  of  vegetation  on  the  earth  to  the  Red  Sandstone 
overlying  the  Coal,  no  real  change  of  the  vegetation  is  observable  in 
the  different  strata. 

Whether  the  successional  development  of  plants,  here  adduced  as 
self-evident,  is  to  be  further  confirmed,  the  future  will  Bhow.  For 
my  part,  I  cannot  doubt  it.  Sharpe  and  Bunburv  find  in  Portugal 
extensive  coal-beds  with  land-plants  accompanied  by  Silurian  fossils. 
But  this  requires  further  investigation.  [T.  R.  J.] 


Coal-beds  of  the  Larzac.    By  M.  Rouville. 

[Acad.  Scien.  Montpellier,  Nov.  1849 ;  and  Leonhard  u.  Bronn's  Jahrb.  f.  Min. 
1851,  p.  466.] 

The  Larzac  belongs  to  the  numerous  plateaux,  known  as  the 
Cousses,  which  stretch  north  and  south  from  Espahon  (Aveyron)  to 
Clarmont  (Herault).  These  plateaux  generally  consist  of  a  hori- 
zontally-bedded limestone,  cut  up  by  fissures  and  valleys,  in  which 
the  towns  of  Milhau,  Mende,  &c.  stand.  In  ascending  from  Lodeve 
to  Mont  Caylar,  the  Bunter  Sandstone  of  Soubis  is  first  traversed, 
then  a  dolomitic  bed,  which  represents  the  white  lias  of  the  English 
geologists  or  the  infra-lias  of  Leymerie.  On  this  He  the  Fucoid- 
marls  noticed  by  Dumas.  Next  follows  another  dolomitic  deposit ; 
the  Oxfordian  limestone  and  the  Coral-rag,  but  slightly  developed, 
here  predominate.  The  Plateau  de  la  Cavalene  comprises  four  or  five 
groups  of  carboniferous  deposits  (La  Cavalerie,  La  Liquille  Ceral, 
Saint  Georges  de  Lusencon)  which  are  situated  on  the  Oolite  with 
Fuci.  There  are  two  kinds  of  coal,  only  one  of  which — the  glance- 
coal — is  used  in  the  forges.  The  organic  remains  that  have  been 
found  belong  to  the  genera  Cyclas,  Paludina,  Mytilus,  and  Cyrena. 
There  are  no  traces  of  plant-remains.  This  deposit  of  coal  is  of  much 
interest,  as  it  appears  to  indicate  a  true  Weald-formation  [Weald- 
gebilde]  in  the  midst  of  the  Jurassic  series.  [T.  R.  J.] 


On  Pea-Iron-Ore.    By  P.  Merian. 

[Bericht  Verhandl.  Naturf.  Gesellsch.  Basel,  1851,  ix.  pp.  44-47.] 

Alexander  Brongniart's  view,  that  the  Pea-ore  [Bohn-erz]  of 
this  neighbourhood  (Basle)  belongs  to  the  Tertiary  age  is  clearly  incor- 
rect ;  since,  wherever  the  beds  of  pea-ore  occur  in  their  original  posi- 
tion, they  are  always  covered  by  the  Tertiary  deposits.  Besides,  the 
geographical  extension  of  the  pea-ore  beds  on  the  western  declivity 
of  the  Black  Forest  between  Basle  and  Freyburg  supports  the  view 


24 


GEOLOGICAL  MEMOIRS. 


that  they  belong  to  an  older  order  of  things  than  the  tertiary.  The 
different  divisions  of  the  Jura-formation*  the  Keuper,  and  theMuschel- 
kalk  in  this  neighbourhood  are  greatly  broken  up  and  dislocated. 
Wherever  the  upper  division  of  the  Jura,  which  in  this  quarter  is 
the  Coralline  Limestone,  shows  itself,  the  pea-ore  in  greater  or  leaser 
beds  is  sure  to  be  found,  the  Coralline  Limestone  always  forming  ita 
base :  while  the  Tertiary  formations  spread  themselves  indifferently 
over  all  the  divisions  of  the  Jurassic,  Keuper,  and  Muschelkalk  for- 
mations. It  is  clear  from  this  that  the  pea-ore  is  connected  with 
the  Jura-formation,  which  has  been  broken  up  and  dislocated  after 
the  deposition  of  the  pea-ore  and  previously  to  the  deposition  of  the 
tertiaries.  The  few  fossils  which  are  found  in  the  pea-ore  beds* 
and  even  in  the  ironstone  itself,  as  well  as  in  the  hornstone  and  jasper- 
concretions,  all  belong  to  the  Coralline  Limestone,  e.  £.  CidmrU  Blu- 
tnenbachii,  Goldf.,  Astraa,  Foraminifera,  &c.  If  it  is  asserted  that 
these  animals  did  not  live  at  the  period  of  the  deposition  of  the  pea- 
ore,  but  that  they  existed  previously,  and  that  their  remains  were  by 
some  metamorphic  process  changed  into  iron-ore,  &c.  (which  is  very 

Eossible),  still  it  is  certain  that  these  fossils,  when  in  their  original 
abitat,  are  never  accompanied  bv  any  of  a  later  date. 
The  surface  of  the  Coralline  Limestone,  where  it  forms  the  imme- 
diate substratum  of  the  pea-ore,  is  worn  down  and  eaten  into  by  re- 
markable winding  cavities.  It  is  usually  accompanied  by  variegated 
clays  and  pure  quartz-sand,  materials  not  found  in  the  Jurassic  for- 
mation, and  which  must  either  have  been  introduced  together  with 
the  pea-ore,  or  been  formed  out  of  the  previously  existing  rock  by 
those  chemical  influences  from  which  the  pea-ore  resulted.  The  Co- 
ralline Limestone  itself,  where  in  immediate  contact  with  the  pea-ore, 
has  peculiar  properties,  as  for  instance,  a  verv  distinct  vitreous  frac- 
ture. A  remarkable  instance  of  this  kind  is  seen  at  Roppe,  near 
Befort,  where  an  extensive  bed  of  pea-ore  is  worked  partly  below 
ground  and  partly  at  the  surface  in  a  cavity  of  a  limestone  which 
probably  is  the  Coralline.  The  limestone  is  furrowed  on  its  surface 
with  long  grooves,  at  the  end  of  each  of  which  lies  a  concretion  of 
pea-ore,  which  fills  up  and  closes  the  groove.  These  appearances  are 
all  satisfactorily  explained  bv  the  theory  long  ago  put  forth,  and  now 
perfected  by  M.  Gressly,  which  refers  the  origin  of  the  beds  of  pea- 
ore  to  the  chemical  effects  of  hot  springs,  containing  iron  and  other 
substances  in  solution,  poured  out  upon  the  limestone  probably  about 
the  close  of  the  Jurassic  period.  Dr.  C.  Burckhardt,  who  looks  upon 
this  explanation  as  the  most  natural,  remarks  that,  from  Burg  and 
Klein-Lutxel  to  Laufen,  the  pea-ore  is  found  accompanied  bv  fossils 
of  the  so-called  Sequanian  system,  a  subdivision  of  the  Jurassic 
system,  which  immediately  reposes  on  the  Coralline  Limestone. 

[J.  C.  M.] 
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Notice  of  Prof.  B.  Studer's  'Geology  of  Switzerland/  1st  vol.* 
The  Central  Alpine  Chain  and  the  Chain  immediately  to  the  South. 

[Leonhard  u.  Bronn's  N.  Jahrb.  f.  Min.  u.  s.  w.  1852.  2  H.  p.  231  et  teg.] 

The  abstruse  problem  of  the  elevation  of  the  great  masses  of  our 
continents  has  of  late  years  excited  lively  interest.  In  the  earlier 
days  of  geology,  an  isolated  observer  applied  himself  to  the  study  of 
a  small  portion  of  the  Alps,  the  district  of  Mont  Blanc  or  of  St. 
Gothard  for  instance  ;  the  age  of  the  Jura  or  of  the  Apennines  was 
then  not  so  well  known  as  that  of  many  of  the  most  distant  quarters 
of  the  globe  is  at  the  present  day  :  while  now  we  see  a  constantly 
increasing  number  of  labourers,  struggling  to  arrive  at  a  thorough 
knowledge  of  this  range.  The  Alps  are  encircled  by  a  perfect  army 
of  observers,  who  every  summer  penetrate  into  their  recesses,  and  add 
something  to  our  information  respecting  them. 

This  work  of  Prof.  Studer  derives  its  chief  importance  from  the 
circumstance  that  he  has  himself  visited  almost  all  the  spots  described, 
some  of  them  repeatedly,  and  not  a  few  in  the  company  of  M.  Escher. 
Where  the  observations  of  others  are  introduced,  reference  is  made 
to  the  work  quoted.  The  author  gratefully  acknowledges  the  valuable 
assistance  he  received  from  M.  Escher,  who  in  the  frankest  manner 
placed  at  his  disposal  the  results  of  his  own  researches. 

The  introduction  is  devoted  to  a  general  view  of  the  Apennines,  the 
Alps,  and  the  Jura. 

The  Alps  follow  one  another  in  their  order  of  juxtaposition  :  the 
Ligurian,  or  first  Alpine  group  to  the  W.  of  Genoa  :  the  Maritime, 
in  which  the  Alpine  type  begins  to  show  itself  more  distinctly  by  a 
second  "  central  mass  (or  nucleus)  of  crystalline  slates :  the  Cottan 
and  Grecian  Alps:  the  Alps  of  Oisans,  which  display  a  "central 
mass"  more  clearly  than  any  which  Studer  has  travelled  through, — 
in  no  other  locality  can  it  be  so  distinctly  seen  that  the  felspathic 
rocks,  which  form  the  nucleus,  have  been  upheaved  after  the  deposi- 
tion of  the  overlying  Neptunian  formations,  and  have  forced  through 
the  latter,  throwing  them  off  on  every  side,  and  changing  their 
structure ;  the  Red  Alps  {Lea  Rousse*),  well  known  in  the  records 

*  Geologie  der  Schweitz.  Enter  Band.  pp.  485.  8vo.  Berne,  1851.  With  wood- 
I  cuts  and  a  Geological  Map. 
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of  French  mining  operations :  the  Western  Alps :  the  Swiss  Alps ; 
and,  lastly,  the  Eastern  Alps. 

After  this  introduction  follows  the  first  division  of  the  work,  which 
is  devoted  to  the  central  zone  of  the  Alps. 

Alpine  granite,  gneiss,  and  crystalline  schists.— -The  determina- 
tion of  the  age  of  the  granite  of  the  Alps,  which  J  urine  thought  to 
establish  by  the  introduction  of  the  name  Protogine,  is  the  boundary- 
line  between  old  and  modern  geology.  The  production  of  these 
crystalline  schists  by  the  metamorphosis  of  sedimentary  matter,  and 
the  explanation  of  these  processes  agreeably  to  the  laws  of  chemistry 
and  of  physics,  together  with  the  old  question  whether  these  rocks 
have  their  origin  in  water,  or  in  heat,  or  in  both  conjointly,  are  looked 
upon  by  the  author  as  problems  standing  out  foremost  in  the  field  of 
geologic  inquiry  for  solution,  now  as  much  as  fifty  years  ago,  and 
which  his  own  experience  leads  him  to  believe  will  not  speedily  be 
solved. 

To  this  subdivision  belong  the  "central  masses"  of  the  Aiguille* 
Rouges,  of  Mont  Blanc,  of  the  Finsteraarhorn,  of  St.  Gothara,  and 
the  Alps  of  the  Valais,  respectively  :  afterwards,  those  of  the  Tesaine 
Alps,  the  Adula,  Sureta,  and  Maritime  chains,  of  the  Bernina  and  of 
the  Selvretta,  and  lastly  that  of  the  Oetzthal  Ferner  are  considered. 

The  Alpine  granite,  or  protogine,  of  the  central  mass  of  the 
Aiguilles  rouges  frequently  puts  on  a  gneissose  structure.  At  the 
end  of  the  last  century  considerable  mines  of  argentiferous  galena 
and  of  copper  were  opened  near  Servoz.  In  the  workings  new 
Promenaz  lead  and  copper  mixed  with  baryta  occur.  Granite  in  the 
form  of  veins  has  penetrated  not  only  the  crystalline  schists  but  also 
the  limestone  formations.  The  southern  flank  of  the  Dent  de  Monies 
gives  indications,  which  deserve  to  be  followed  up. 

In  theorizing  on  the  elevation  of  the  Alps,  trie  similarity  of  the 
central  granite  nuclei  to  trachyte  domes  is  always  striking,  however 
anomalous  the  conditions  are  proved  to  be  on  closer  examination. 
These  granite  masses  appear  to  nave  been  raised  up  over  loot*  fissures, 
as  a  trachyte  cone  over  a  central  cavity  ;  the  whole  mass,  m  a  solid 
or  soft  state,  having  been  actually  forced  upwards ;  or,  early  sedi- 
mentary deposits,  penetrated  by  fluids  or  gases,  have  been  tnerebj 
modified  in  condition  and  increased  in  volume  so  as  to  swell  np  to  the 
mountain-heights  here  spoken  of. 

In  the  nucleus  of  Mont  Blanc  as  in  that  of  the  Aiguilles  Rouge* 
protogine  prevails,  especially  on  the  eastern  aide,  and  from  thence 
towards  the  centre.  No  geologist  who  examines  the  rents  in  these 
rocks,  their  slender  pinnacles,  and  the  abrupt  precipice*  which 
surround  the  Mer  de  Glace  at  the  Montanvert  and  the  glaciers  lying 
behind  it,  can  believe  that  the  present  form  of  Mont  Blanc  is  that 
which  it  originally  bore.  One  might  almost  believe  that  the  mountain 
after  its  first  formation  had  been  elevated  to  its  highest  point  in  the 
district  of  the  upper  Tacul  glacier,  and  that  by  a  subsequent  sinking 
of  the  mass  the  deep  glacier-valley  extending  from  the  Mer  de  Glace 
to  the  summit  of  Mont  Blanc  had  been  occasioned.  Mont  CheW 
and  Mont  de  la  Saxe  rise  like  two  vast  pillars  on  the  aides  of  the 
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rocky  defile  which  leads  from  Cormayeur  to  the  Allee  Blanche  and 
the  Val  Ferret.  The  view  of  the  Mont  Blanc  range  from  this  height 
exceeds  in  sublimity  that  from  Mont  Cramont.  Not  far  from  the  Mont 
de  la  Saxe  at  the  *  Tron  des  Remains '  can  be  seen  an  old  mine  of 
argentiferous  galena,  worked  at  an  unknown  period.  This  is  far  from 
bemg  the  only  mine  in  the  circuit  of  Mont  Blanc,  some  of  which 
have  been  abandoned,  while  others  are  still  in  operation:  on  the 
heights  of  Ardon  magnetic  iron-ore  is  now  being  wrought  in  a  talcose 
schist. 

The  "central  mass  '*  of  the  Finsteraarhorn,  in  spite  of  its  much  greater 
extension  and  its  abnormal  direction,  presents  several  rather  unex- 
pected analogies  with  the  two  groups  just  described.  The  relation 
of  its  beds  to  the  upheaved  limestone  and  schist  formation  is  the 
same  as  that  observed  in  Savoy,  but  on  a  greater  scale  and  more  di- 
stinctly exposed.  On  the  northern  boundary  of  the  mass,  the  most 
remarkable  instances  of  the  contact  of  crystalline  with  sedimentary 
formations  occur:  the  deep  ravines  have  made  a  clean  section  through 
their  point  of  contact,  and  penetrated  into  the  very  heart  of  the 
mountain.  On  the  Bach  Alp  above  Leuck,  a  wedge-shaped  mass  of 
gneiss  must  be  regarded  as  intrusive  into  the  limestone  which  encircles 
it.  The  romantic  Gasteren-Thal  is  admirably  calculated  for  studying 
such  relations.  The  numerous  contortions  of  the  limestone-  and  scnist- 
bed8,  as  seen  on  the  rocky  walls  of  the  Altel  and  the  Doldenhorn, 
together  with  the  conversion  of  the  lower  strata  into  marble  and  do- 
lomite, prove  that  here,  as  in  Savoy,  the  limestone  is  older  than  the 
felspathic  rocks  which  underlie  it.  On  the  eastern  declivity  of  the 
Tschingel  glacier  the  granite  also  appears  beneath  its  covering  of  lime- 
stone. Similar  conditions  may  be  observed  in  the  Grindelwald,  in  the 
deep  section  of  the  mountain  by  which  the  lower  glacier  descends. 
The  background  of  the  Urbach  valley,  and  especially  the  crest  of  the 
Urbach-Sattel  between  Tossenhorn  and  Gstellihorn,  also  give  very  in- 
structive lessons  bearing  on  the  same  question.  The  most  striking 
fact  is  the  high  inclination  of  the  beds  of  gneiss  which  dip  to  the  south. 
A  cursory  observation  would  lead  to  the  belief  that  the  gneiss  was 
older  than  the  limestone,  and  that  its  present  outline  parallel  to  the 
beds  of  the  latter  was  due  to  the  disruption  of  the  mass  of  both ;  but 
this  opinion  cannot  be  maintained  if  we  only  cast  a  glance  on  the 
other  side  of  the  valley  on  the  mountains  of  the  Laubstock  and  the 
Tristenstock. 

The  pass  of  the  Grimsel  long  ago  excited  Saussure's  curiosity  by 
the  external  characters  of  the  rock. 

The  rounded  spherical  forms  (roches  moutonnies,  rundh'Ocker)  of 
the  gneiss  and  granite  in  the  valley,  and  the  hummocky  and  cylin- 
drical shape  of  the  rocks  which  hem  it  in,  are  seldom  seen  so  marked 
or  so  persistent.  The  contrast  between  the  rounded  shape  of  these 
rocks  and  the  sharp  angles  of  the  high  mountain-crests  is  seldom  so 
distinctly  marked  as  in  the  chain  which  surrounds  the  Aar-Grund  on 
the  Grimsel  and  the  glacier  of  the  Vorder-Aar.  It  requires  close  ob- 
servation to  satisfy  oneself  that  the  rounded  bosses  really  consist  of 
the  schistose  gneiss  which  passes  uninterruptedly  into  the  upper 
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gneiss.  M.  Studer  is  of  opinion  that  the  hypothesis  of  erosion  by 
glacier-ice,  propounded  by  Agassi*  and  his  followers,  is  the  most 
simple  and  the  most  in  accordance  with  nature. 

The  mass  of  St.  Gothard  approaches  nearer  to  that  of  the  Fmster- 
aarhorn  on  the  south  than  the  Mont  Blanc  group  to  the  Aiguille* 
Rouges.  It  is  far  from  being  so  considerable  in  linear  extension  as 
the  group  of  the  Finsteraarhorn,  though  more  so  than  the  Mont  Blanc 
group,  which  last  however  is  broader  and  loftier.  Immediately 
above  the  Hospital  are  well-marked  mica-slates ;  and  shore,  towards 
the  Gemsboden,  distinct  gneiss.  The  region  of  the  granite  proper  of 
St.  Gothard  begins  at  the  level  of  the  Gothard  lakes.  On  the  south- 
ern declivity  towards  Val  Tremola,  gneiss  again  occurs,  followed  by 
hornblende  rock  and  dolomite.  The  well-known  fan-shaped  structure 
of  St.  Gothard  extends  as  far  east  as  the  granite  can  be  traced. 

This  locality  is  celebrated  for  the  variety  of  its  minerals.  Daubrte 
has  justly  observed,  that  there  is  a  remarkable  resemblance  between 
the  substances  found  in  the  " central  masses"  of  the  Oisans,  of 
Mont  Blanc,  the  Finsteraarhorn,  and  St.  Gothard,  so  as  to  ghre 
independent  support  to  the  view  of  these  mountains  having  a  very 
close  internal  relation.  There  are  moreover  analogies  between  many 
of  those  mineral  substances  and  the  products  of  existing  volcano*, 
which,  from  the  great  difference  between  the  rocks  containing  them, 
could  not  have  been  anticipated.  From  such  comparisons  the 
chemist  draws  conclusions,  which  it  is  to  be  hoped  will  throw  light 
upon  the  obscure  origin  of  these  nuclei.  New  investigations, 
however,  and  comparisons  of  the  different  localities,  their  geological 
relations,  and  the  condition  of  the  matrix,  will  probably  be  needed 
for  the  safer  foundation  of  such  speculations ;  and  on  this  point  we 
may  shortly  expect  valuable  information  from  M.  Wiser  of  Zurich, 
who  has  done  so  much  for  the  study  of  Swiss  mineralogy. 

The  "  central  mass  "  of  the  Alps  of  the  Valais  appears  to  be  a  pass- 
age from  the  lofty  fan-shaped  rocks  lying  next  to  the  exterior  chain 
and  the  gneiss  formation  of  greater  horizontal  extension  forming  the 
inner  range.  A  fan-like  structure  is  not  clearly  shown  in  the  gneiss 
and  mica-slate,  and  a  disposition  to  symmetric  arrangement  is  want- 
ing. Beds  of  limestone  and  marble  are  more  abundant ;  serpentine 
and  gabbro  pierce  through  them ;  and  on  the  southern  side  of  the 
group  occurs  a  syenitic  granite,  such  as  is  seldom  seen  but  on  the 
southern  margin  of  the  chain.  The  characteristic  of  this  central 
mass  is  the  intimate  relation  of  its  rocks  with  those  of  the  schistose 
zone  which  flanks  it,  arising  from  both  having  undergone  the  same 
flexure  and  from  the  mineralogies!  passage  of  the  one  rock  into  the 
other. 

Talcose  gneiss  and  green  slates  together  with  serpentine  and  gabbro 
form  all  the  mountains  on  both  sides  of  the  Ferpecle  glacier  and  the 
Col  d'Erin.  In  the  principal  mass  of  that  remarkable  and  inac- 
cessible mountain,  the  Mont  Cervin,  the  formations  are  distinctly 
divided  by  their  colour,  as  at  the  Aiguilles  Rouges.  In  many 
parts  of  these  mountains,  and  notably  on  the  heights  of  the  Matter* 
jochs,  may  be  seen  most  complicated  relations  between  gneiss,  serpen* 
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tine,  slate,  and  limestone :  Saussure  devoted  more  than  three  days 
to  the  study  of  them. 

In  the  region  of  the  Alps  of  the  Tessine  the  gneiss  and  mica-slate 
hare  almost  entirely  lost  their  alpine  character.  A  well-characterized 
gneiss  predominates,  and  next  to  that  mica-slate  is  an  important 
member  of  the  group.  The  latter  rock  abounds  in  many  kmds  of 
concretions,  especially  at  the  Cima  di  Zambro,  at  the  foot  of  the 
P.  Forno,  at  Sponda,  &c.  &c.  The  limestone  and  slate  mass  of  the 
Levi-  and  Dever-Alps  is  in  the  strike  of  the  green  slates  and  lime- 
stone, which  may  be  followed  from  Saas  to  Zwischbergen,  and  is 
doubtless  their  prolongation.  The  rocks  at  Naret,  at  the  junction  of 
the  romantic  valleys  of  Bavona,  Peccia,  and  Campo  la  Torba,  are 
extremely  disturbed.  In  the  deep  ravine  of  Val  Bavona,  on  the 
eastern  base  of  the  Gran  Pasodon,  hitherto  unknown  to  the  geolo- 
gist, the  gneiss  which  surrounds  the  Suena  Alp  on  its  western  side 
overlies  the  dolomite  belonging  to  the  calcareous  zone,  and  is  inter- 
twisted with  it  and  with  schists,  while  further  on  the  gneiss  is  clearly 
seen  as  the  fundamental  rock  of  the  range. 

The  Alps  of  the  Adula  range  present  a  very  unusual  character. 
The  longitudinal  and  transverse  valleys  seem  to  nave  exchanged  their 
usual  conditions.  Distant  as  they  are  from  the  axis  of  the  Tessine 
Alps,  their  remarkable  elevation  en  masse  proves  them  to  have  been 
disrupted  from  the  latter. 

Closely  as  the  Tessine  Alps  are  connected  with  the  Adula  range, 
they  are  still  more  nearly  related  to  the  gneiss  which  spreads 
out  from  Schams  to  the  Rofla  and  to  Ferrara,  and  which  reaches  its 
greatest  development  in  the  Sureta  Alps  with  their  snowy  pinnacles 
surrounded  by  glaciers.  The  pass  of  the  Splugen  gives  great  facili- 
ties for  studymg  this  group.  To  the  west  rises  the  noble  pyramid 
of  the  Tambo  Horn,  consisting  of  beds  of  gneiss  dipping  east.  With 
these  are  associated  in  the  background  of  the  Toga  Alp  talcose  and 
micaceous  slate,  hornblende  slate,  and  quartzite,  mostly  of  a  decom- 
posing quality.  The  main  road  from  the  Splugen,  following  the 
romantic  pass  of  the  Rofla,  penetrates  into  the  central  nucleus  of  the 
group.  The  grey  micaceous  and  calcareous  schists  which  have  pre- 
vailed from  Splugen,  begin  at  Suvers  to  give  way  to  chlorite  slate 
and  talcose  gneiss,  alternating  with  white  marble.  On  the  road  from 
Pignen  to  Nezza,  for  about  five  hundred  metres  above  the  bottom  of 
the  valley,  are  seen,  horizontally  disposed,  slates  forming  the  founda- 
tion of  a  vast  wall  of  white  marble  and  grey  limestone.  The  Despin 
Alp  above  Zillis  is  an  enclosed  circular  basin  [Thal-Kessel],  the  back- 
ground of  it  rising  to  the  lofty  peak  of  the  Curves.  On  the  west  a 
plateau  of  limestone  and  dolomite  shuts  in  the  basin,  leaving  only  a 
narrow  exit  for  the  waters  from  the  mountain.  In  the  lower  part  of 
the  valley  there  were  formerly  many  mines  of  argentiferous  galena  and 
of  copper  pyrites,  which  are  found  in  talcose  gneiss  accompanied  by 
large  crystals  of  felspar.  More  than  a  dozen  deserted  mines  can  be 
counted  alone  the  edge  of  the  stream,  which  is  precipitated  over  many 
cataracts,  and  along  the  rocky  descent  of  the  mountain  towards  Nezza. 

The  crystalline  slates  which  appear  between  the  groups  mentioned 
and  the  next  zone  to  the  south  cannot  readily  be  described,  or  sub- 


30 


GEOLOGICAL  MEttOlftS. 


jected  to  a  general  classification.  The  group  of  the  Bernina,  with 
its  gneiss  and  mica-slate,  forms  the  central  mass,  occupying  all  the 


tines  of  Yal  Malenco,  and  the  limestones  of  Ortles.  It  is  mnarkabb 
for  the  height  of  its  peaks,  the  beauty  of  its  glaciers  and  snow* 
fields,  and  the  crystalline  constitution  of  its  rocks.  Nowhere  in  these 
districts  does  the  gneiss  appear  in  such  force,  and  the  ice-moujrtain* 
which  reach  to  the  Bernina  road  are  among  the  most  considerable 
which  the  Alps  exhibit.  Unlike  all  the  "  central  masses  "  described, 
the  Bernina  is  almost  completely  surrounded  by  a  circle  of  granite, 
hornblende  rock,  and  serpentine.  One  might  well  be  tempted  to  re- 
cognize in  this  mass  the  lever  that  has  here  elevated  the  gneiss  to 
so  unusual  a  height.  The  main  road  over  the  Bernina  leads  from 
the  heights  round  the  lakes  more  to  the  eastward,  past  the  Motta  and 
the  Mont  Rosa.  On  the  north  bank  of  the  Lago  Bianco  a  dark-green 
rock  resembling  serpentine  prevails ;  and  gneiss  on  the  steep  declivity 
towards  the  ravine  of  the  Motta  and  the  descent  to  Mont  Rosa.  The 
granite  of  Mont  Brusio  only  appears  in  the  form  of  a  considerable 
bed. 

The  nucleus  of  the  Selvretta  in  many  points  reminds  the  observer 
of  the  "  central  mass  "  on  the  exterior  margin  of  the  middle  sone  s 
in  other  respects  it  has  its  own  peculiar  characters,  like  each  of  the 
other  groups.  A  fan-like  structure  is  observable ;  the  alpine  granite 
forming  the  axis  of  the  fan,  the  crystalline  slates  stretching  over  the 
limestone  rocks,  &c.  On  the  other  hand,  the  gneiss  over  a  met 
part  of  the  group  is  replaced  by  a  great  development  of  hornblende 
slate.  Passing  over  Fluella  we  have  an  excellent  view  of  the  relations 
of  the  western  fan-shaped  rocks. 

Finally,  the  mass  of  the  Oetxthal  Ferner  resembles  that  of  8eJ- 
vretta :  gneiss  and  mica-slate  penetrate  like  wedges  into  the  Bundtuer 
Alps.  In  the  loftiest  southern  portion  two  fan-like  series  of  mica* 
slate  can  be  recognized. 

This  general  description  of  the  mountains  is  followed  by  a  more  or 
less  detailed  account  of  the  various  rocks  which  compose  them ; — 
granite,  hornblende  rock,  serpentine  and  gabbro,  green  slate,  grey 
slate,  limestone  and  marble,  dolomite,  gypsum,  verrucano,  quartsite, 
and  red  sandstone :  their  occurrence  in  each  particular  spot  is  enu- 
merated, and  their  characters  described.  We  shall  quote  one  or  two 
of  these  observations. 

With  regard  to  serpentine  and  gabbro,  it  is  said, — the  question 
is  not  yet  settled  whether  serpentine,  and  the  gabbro  winch  fre- 
quently accompanies  it,  are  to  be  looked  on  as  plutonic  masses,  which 
have  caused  the  protruded  rocks  to  pass  into  grey  and  green  slates  j 
or  whether  they  are  to  be  regarded  as  the  last  stages  of  the  meta- 
morphosis of  the  slates.  The  author  is  of  opinion  that  unprejudiced 
judgments  will  give  the  preference  to  the  latter  hypothesis ;  though 
he  candidly  admits  that  it  is  open  to  more  objections  than  the 
former. 

We  have  often  taken  occasion  to  speak  on  the  doctrine  of  meta* 
morphism,  so  popular  of  late  years,  r  ar  from  being  opposed  to  geo- 
logic transformations,  we  are  of  opinion  that  trt/Ata  ctrtmn  kmito 
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the  doctrine  is  well-founded ;  but  its  arbitrary  extension  is  suspicious. 
Authors  too  frequently  indulge  themselves  in  theories  not  recon- 
cileable  with  our  present  notions,  in  the  hope  that  they  may  here- 
after be  made  to  agree.  In  the  Alps,  where  it  is  impossible  to  deny 
that  metamorphism  on  a  great  scale  has  taken  place,  it  is  often  dif- 
ficult even  to  surmise  how  and  whence  the  metamorphism  has  arisen. 
This  will  be  admitted  by  all  prudent  and  inquiring  observers. 

The  "  green  slates,"  in  their  first  and  most  extensive  stage  of  de- 
velopment, are  dark-  or  mountain-green  clay-slate,  with  more  or  less 
disposition  to  a  scaly  or  crystalline-foliaceous  structure. 

The  "grey  slates"  are  a  dark-grey  clay-slate,  hard,  and  sometimes 
indeed  not  effervescent,  with  their  surfaces  often  glittering  with 
narrow  plates  of  mica,  &c. 

In  the  second  division  of  this  Part,  the  author  treats  of  the  zone  to 
the  south,  next  to  the  central  lone.  Val  Trompia,  Val  Seriana,  Val 
Brembana,  the  lake  of  Como,  and  Brianza,  with  the  country  to  the 
west,  are  described.  In  this  portion  the  porphyry  and  granite,  the 
formations  of  the  older  limestone  and  dolomite,  the  newer  limestone, 
the  flysch  and  tertiary  formations,  are  considered. 

[J.  C.  M.] 


On  the  Three  Successive  Faunas,  distinguished  by  their  peculiar 
Trilobites,  in- the  Lowest  Paleozoic  Rocks.  By  M.  J. 
Barrande. 

[Leonhard  o.  Bronn's  N.  Jahrb.  f.  Min.  u.  s.  w.  1852,  3  H.  p.  257-266.] 

The  limits  of  the  successive  faunas  of  the  earlier  palaeozoic  periods 
appear  to  me  to  be  well  and  naturally  defined  by  means  of  the  ver- 
tical distribution  of  the  Trilobite  families.  Thus,  1.  The  First  Fauna 
[Urfauna],  which,  everywhere  that  we  meet  with  it — in  Bohemia, 
England,  Sweden,  and  Norway,  consists  almost  entirely  of  Trilobites ; 
ana  of  these,  the  genera  that  characterize  this  fauna  are  also  peculiar 
to  it|  viz.  Paradoxides,  Conocephalus  {=-Calymene,  Angelin),  Olenus, 
Ellipsocephalus,  Sao,  &c.  Only  one  of  these  genera  (the  Agnostus), 
and  that  under  different  specific  forms,  passes  on  to  the  Second  Fauna. 
Moreover,  all  the  Trilobites  of  the  Urfauna  are  distinguished  by  the 
great  development  of  the  thorax  in  proportion  to  the  pygidium. 

This  fauna  is  not  represented  in  Russia,  France,  the  United  States, 
and  Ireland ;  where,  however,  the  Lower  Silurian  groups  are  much 
developed.  Nevertheless,  sooner  or  later,  indications  of  this  fauna 
may  be  discovered  in  other  countries  than  those  above-quoted.  In 
England,  even,  it  was  discovered  but  a  few  years  since,  and  there 
only  in  two  isolated  spots  in  the  Silurian  region,  viz.  in  the  Mai  veins, 
where  Professor  Phillips  first  found  Olenus,  and  in  North  Wales, 
where  the  Officers  of  tne  Geological  Survey  *  have  since  discovered 
Olenus  and  Paradoxides f  in  the  slates  of  the  "Trappean  group. " 

*  [Later  particulars  respecting  the  palaeontology  of  these  lowest  fossiliferous 
rocks  were  given  by  J.  W.  Salter,  Esq.,  of  the  Geological  Survey,  in  a  paper  read 
before  the  British  Association  at  Belfast,  1852.— Transl.] 

t  [The  locality,  however,  of  this  is  not  certain.  See  foregoing  Note. — Transl.] 


32 


GEOLOGICAL  MEMOIRS. 


These  slates  are  analogous  to  the  Olenus-slates  of  the  Malverns,  and 
both  rest  on  the  azoic  masses  of  the  Harlech  and  Barmouth  sand- 
stone*. They  are  also  altogether  similar  to  the  series  (my  Group  C.) 
to  which  since  1846  I  have  referred  the  Urfauna  of  Bohemia.  The 
fauna  of  Angelin's  Regions  A.  and  B.f  (a  slate  and  a  limestone  bed, 
one  resting  on  the  other)  consists  of  Olenus,  Paradoxides,  ConocephaJus 
(=  Calymene,  Angelin),  &c,  and  evidently  corresponds  to  the  Urfauna 
of  Bohemia  and  England.  Lastly,  the  verbal  communication*  with 
which  Professor  Boeck  of  Chris tiania  favoured  me  last  rammer, 
enable  me  to  recognize  in  Norway  a  fourth  instance  of  this  First  Tri- 
lobite  Fauna,  resting  immediately  on  azoic  rocks. 

It  is  very  remarkable  that  in  these  four  different  countries  this 
First  Fauna  is  altogether  distinct  from  the  next  succeeding  fauna,  not 
a  single  species  being  common  to  the  two.  The  other  organisms 
that  accompany  the  Trilobites  of  the  Urfauna  are  rare,  and,  on  the 
whole,  little  characteristic,  as  they  differ  in  the  different  countries. 
Thus  I  have  in  Bohemia  OrthURomingeri  and  three  Cystidea*,  amongst 
which  is  Lichenoides  priscus.  In  England  there  are  the  Linguta 
Davisii  of  the  Lingula-flags  of  Wales, — a  doubtful  form  allied  to 
Eurypterus, — and  some  indistinct  remains  of  Graptolites,  which  I 
have  seen  in  the  Museum  of  the  Geological  Survey  in  London  J. 
What  forms  accompanied  the  Trilobites  in  the  Urfauna  of  Sweden, 
I  do  not  yet  know.  In  any  case,  it  is  probable  that,  as  in  Norway 
and  the  other  two  countries,  but  few  fossils  occur,  as  there  has  been 
no  notice  of  them  as  yet. 

Thus,  in  each  of  the  four  regions  here  spoken  of,  Trilobites  seem 
almost  alone  to  have  constituted  the  Fauna  of  the  First  Period ;  and 
this  character  of  the  Urfauna  is  the  more  worthy  of  notice,  as  it  forms 
a  striking  contrast  to  the  manifold  composition  of  the  next  succeeding 
fauna. 

2.  The  Second  Fauna  is  that  of  my  Group  D.  This  also  possesses 
peculiar  genera,  as  Asaphus  ( = Isotclus,  Symphytum*,  Hemicrypturms, 
Niobe,  Megalaspis,  &c),  Trinucfeus,  Ogygia,  Remopleuridcs,  Placo- 
paria,  Zethus,  Amphion,  JEglina,  Dioxide,  &c. ;  besides  others, 
whose  maximum  development  is  here  attained,  as  Ilfamus  and  Ampyjr, 
and  some,  viz.  Harpes,  Brontevs,  Cheirvrvs,  Phacops,  &c,  which 
have  their  greatest  development  only  in  the  Third  Fauna.  In  general 
the  genera  more  or  less  peculiar  to  this  Second  Fauna  (Asaph**, 
Ogygia,  JEglina,  Dionide,  Illa*nvs,  and  even  some  species  of  7W- 
nucleus),  have  a  very  reduced  thorax,  with  a  large  pygidium,— 
strongly  contrasting  with  what  we  have  seen  in  the  Krst  Fauna.  It 
is  also  to  be  remarked  that  the  genera  here  reach  their  numerical 
maximum,  although  that  of  the  species  is  not  attained  until  much 
later.  The  Second  Fauna  is  connected  with  the  Third  by  a  small 
number  only  of  common  species. 

The  several  classes  of  Molluscs,  Cephalopoda,  Brachiofoda,  Aee- 
phala,  Pteropoda,  &c,  have  already  numerous  representatives  at  this 
Period,  which,  however,  have  a  very  unequal  geographical  distribution. 

•  See  abo  Bulletin  Soc.  Gcol.  France,  2  ter.  1851,  p.208t/*f. 

f  PatoontologiA  Soecica,  Lief.  1.  J  [Tiife  mgtrm,  p.  31,  aotc] 


BARRANDE  ON  THE  TRILOBITB  FAUNAS. 


33 


For  instance,  the  Orthocerata  with  large  siphuncle,  which  are  so 
abundant  in  America,  Russia,  and  Sweden,  are  altogether  wanting  in 
Bohemia,  France,  England,  and  Ireland.  On  the  other  hand,  the 
majority  of  theTrilobite  genera  characteristic  of  this  fauna,  as  Ilkenus, 
Trinucieus,  and  others,  are  found  in  nearly  all  the  above-mentioned 
countries.    The  Trilobites,  therefore,  in  this  Period  furnish  the  most 

general  and  safe  characteristics  for  the  vertical  and  horizontal  boun- 
aries  of  the  Group.  In  Bohemia  we  can  subdivide  the  Group  D, 
which  comprises  this  Second  Fauna,  into  several  well-characterized 
series  (Jl,  d2f  d3,  d4,  db),  which,  however,  are  still  connected  by  a 
large  numerical  proportion  of  common  species. 

In  England  this  fauna  is  recognized  in  the  Llandeilo  (=Bala) 
group  and  the  overlying  Caradoc  sandstone.  In  Sweden  the  Second 
Fauna  comprises,  in  vertical  range,  Angelin*s  two  Regions  C  and  D  ; 
it  is  the  same  fauna  also  that  in  the  district  of  St.  Petersburgh 
extends  from  the  blue  clay  to  the  limestone,  inclusive.  In  France 
the  greater  part  of  the  Silurian  series  belongs  to  this  same  Period, 
and  I  have  identified  several  of  the  Trilobites  with  those  of  the  Bo- 
hemian Group  D,  as  Jcidaspis  Buchi,  Barr.,  and  Dalmannia  aociali*, 
Barr.  In  Portugal  also  this  fauna  is  found  in  the  Oporto  district ; 
and  my  friend  De  Verneuil  has  shown  it  to  exist  in  Spain,  from  whence 
he  has  brought  specimens  of  Calymene  Tristani,  Brongn.,  Placoparia 
Tourneminiy  Rou.,  Illcenus  Lu&itanicus,  Sharpe,  and  others. 

In  the  United  States  this  Second  Fauna  has  very  great  superficial 
extent.  It  alone  has  furnished  all  the  fossils  described  by  Hall  in  the 
1st  volume  of  the  '  Palaeontology  of  New  York.'  All  the  Trilobites 
figured  in  this  work  have  their  analogues  in  the  Second  Fauna  of 
European  countries,  with  the  exception  of  Triarthrus ;  whilst,  on  the 
other  hand,  several  European  types  characteristic  of  this  fauna  are 
still  unknown  in  America.  It  would,  without  doubt,  be  very  difficult 
to  persuade  the  geologists  of  the  New  World  that  they  have  not  vet 
discovered  in  their  extensive  region  the  representatives  of  the  First 
Fauna,  before-mentioned.  Time,  however,  will  bring  this  about,  to- 
gether with  the  gradual  but  certain  extension  of  these  views.  In 
Bohemia,  England,  and  Sweden  we  have  the  succession  of  the  First 
and  Second  Faunas  well  proved  by  the  stratigraphical  relations  of  the 
beds  that  respectively  comprise  them.  The  actual  proof  of  this 
superposition  in  Europe  leads  to  the  conclusion  that,  if  the  First 
Fauna  exists  in  America,  it  must  be  found  in  the  deposits  beneath 
those  of  the  Second  Fauna,  and  therefore  must  be  sought  for  under 
the  Potsdam  Sandstone,  with  which  the  Second  Fauna  commences. 

3.  The  Third  Fauna,  characterized  by  the  Trilobites,  commences 
at  the  base  of  the  Upper  Silurian  division.  Almost  all  the  genera  of 
the  Trilobites  that  compose  it  pass  up  from  the  Second  Fauna,  but 
are  here  represented  by  different  and  peculiar  specific  forms,  having 
special  characters  strikingly  in  contrast  with  those  of  the  lower  group. 
Thus  all  the  species  of  Mantis  of  the  Third  Period  are  recognized  by 
their  BumastusAike  appearance.  Ail  the  Brontei  have  fifteen  ribs  on 
the  pygidium,  whilst  those  two  species  belonging  to  the  Second  Fauna 
(Br,  laticauda,  Wahl.  sp.,  and  Br,  Hibernicus,  Portl.  sp.)  have  only 
thirteen.   The  Cheiruri  want  the  frontal  margin,  which  those  of  the 


34 


GEOLOGICAL  MEMOIRS. 


Second  Fauna  possess.  Although  in  the  Upper  8ilurian  division 
the  number  of  the  genera  is  barely  half  as  great  as  in  the  8ecoad 
Period,  jet  the  numerical  maximum  of  the  species  is  found  at  the 
base  of  this  group,  as  already  noticed  by  Murchison.  This  great 
development  is  strongly  contrasted  with  the  very  limited  geographical 
surface,  compared  with  the  wide  extent  of  the  8econd  Fauna,  which 
is  occupied,  especially  in  Europe,  by  the  Third  Fauna. 

We  shall  find,  however,  a  like  contrast  between  the  vertical  extent 
of  these  faunas,  the  Second  Fauna  comprising  groups  of  deposits  of 
very  great  magnitude  in  proportion  to  those  of  the  Third.  This  is 
shown  in  my  ideal  section  of  the  Silurian  rocks  of  Bohemia  in  the 
Bulletin,  Soc.  Geol.  France,  Jan.  1851.  In  England  the  whole  Upper 
Silurian  Division  is  very  limited ;  in  Sweden  it  is  represented  by 
Gothland  ;  in  Russia,  by  the  Oesel  Island  and  a  few  other  patches ;  in 
France,  by  the  district  of  St.  Sauveur  le  Vicomte  and  of  FeugueroUes, 
which  are  but  little  islands  in  the  Silurian  area.  On  the  whole  how- 
ever, the  Third  Fauna,  although  vertically  and  horizontally  confined 
in  narrow  limits,  is  characterized  in  Europe  by  its  richness,  not  alone 
in  Trilobites,  but  also  in  species  of  all  classes  of  Mollusc*. 

In  America,  on  the  other  hand,  the  Third  Fauna  occupies  (accord- 
ing  to  De  Verneuil)  at  least  quite  as  much  extent  as  the  8ecood. 

The  succession  of  these  two  faunas  is  clearly  shown  in  England  by 
the  succession  of  their  respective  deposits,  and  still  more  dearly  in 
Bohemia.  The  boundary-lines  which  divide  them  in  the  British 
Isles  have  been  precisely  indicated  by  Murchison,  who  has  also 
pointed  out  the  same  in  Sweden,  Russia,  &c. ;  and  De  Verneuil  has 
recognised  them  in  America.  But  in  none  of  these  countries  is  the 
exact  limit  so  sharply  drawn  as  in  Bohemia,  where  an  outburst  of 
trap,  spreading  over  the  surface  of  the  Silurian  basin,  has  at  once  cut 
off  the  whole  Second  Fauna ;  this  Period,  therefore,  being  separated 
from  the  Third  Fauna  by  an  azoic  plutonic  horiton.  With  the  excep- 
tion, therefore,  of  the  outlying;  "colonies*,"  which  have  conditions 
peculiar  to  themselves,  there  is  scarcely  to  be  found  in  the  whole  of 
this  district  a  single  fossil  common  to  the  two  successive  faunas.  This 
condition  having  resulted  from  local  causes,  as  just  mentioned,  it  is 
not  likely  to  be  so  clearly  indicated  in  other  places,  and  in  England 
especially  we  have  a  considerable  number  of  known  species  passing 
over  from  the  one  to  the  other  division.  What  exact  conditions 
obtain  in  other  districts  I  do  not  know,  the  requisite  information  on 
the  subject  being  still  wanting ;  but  in  all  cases  we  mav  regard  the 
Second  and  Third  Faunas  as  constantly  separate  and  independent. 

It  only  remains  therefore  for  us  to  determine  the  upper  limit  of  the 
Third  Fauna.  I  am  not,  however,  fully  prepared  to  point  out  any 
absolute  line  of  demarcation,  from  want  of  sufficiently  extensive  ob- 
servations, especially  in  districts  where  the  observer  can  at  once  survey 
a  considerable  succession  of  true  Silurian  beds  overlaid  by  well-cha- 
racterised Devonian  rocks.  America  will  without  doubt  some  day 
furnish  the  data  required  to  solve  this  question,  which  all  European 
districts  still  leave  unsettled. 

This  is  certain,  that  in  Sweden,  Bohemia,  and  France,  at  the  bate 
*  TUk        p.  37. 
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of  the  Btratigraphical  division  corresponding  to  the  Third  Fauna,  a 
yery  surprising  analogy  of  all  the  fossils  is  observable,  and  there  are 
even  a  great  number  of  species  common  to  all  these  districts.  But 
the  higher  we  ascend  the  series,  in  each  district  respectively,  the 
number  of  these  analogous  and  common  species  diminishes  more  and 
more,  as  if  the  connexion  between  the  Silurian  seas  of  this  period  had 
gradually  been  interrupted,  and  disunited  basins  only  ultimately  re- 
mained. Thus  the  Homalonoti,  which  characterize  the  Ludlow  series 
in  England,  are  unknown  in  Bohemia ;  and,  on  the  contrary,  a  great 
part  of  my  Third  Fauna  is  not  represented  either  in  England  or 
Sweden.  In  Bohemia,  however,  the  constant  predominance  of  the 
Trilobites  clearly  indicates  the  continuance  of  the  8ilurian  period. 
They  are  accompanied  by  BracMopoda,  Gasteropoda)  &c,  some  of 
which  are  again  found  in  analogous,  if  not  identical,  forms  in  the,  so- 
called  Devonian,  deposits  of  the  Sarthe  Department,  in  France,  and 
partly  also  of  the  Rhine  districts  and  the  Hart*.  These  facts,  resting 
on  recent  discoveries,  which  I  have  found  to  be  confirmed  by  the 
examination  of  my  friend  De  VerneiuTs  fine  collection,  give  rise  to 
some  uncertainty  as  to  the  position  of  the  horizon  in  Europe  dividing 
the  Silurian  from  the  Devonian  System.  In  England  only  this  un- 
certainty does  not  exist,  where  the  Tilestone  beds  have  been  regarded 
as  the  limit  of  the  Upper  Ludlow  series. 

For  my  part,  I  am  inclined  to  look  for  the  establishment  of  this  as 
yet  undefined  boundary  in  the  consideration  of  the  vertical  distribu- 
tion of  the  Trilobites.  First,  I  would  remark,  that  the  genus  Caly* 
mene  never  reaches  the  true  Devonian  formation.  The  Calymene 
tuberculoma,  Salter,  is  quoted  by  him  from  the  Upper  Ludlow  beds,  in 
England,  but  does  not  occur  higher  up.  In  Bohemia  I  find  the  Caly* 
mene  interjecta,  Corda,  in  my  Group  G,  but  no  higher.  In  America 
Calymene  platyt,  Green,  is  quoted  from  the  sandstone  of  Schoharrie, 
which  has  been  called  Devonian,  but  De  Verneuil  refers  to  this  with 
some  doubt,  and  possibly  the  geological  place  given  for  this  fossil 
may  be  erroneous,  since  Green  says  in  his  description  that  it  was 
found  in  a  travelled  block.  We  know  that  remains  of  the  genus 
Calymene  (as  defined  by  Emmerich  in  his  Dissertation,  1839)  have 

Snot]  *  been  found  in  the  Devonian  rocks  on  the  Rhine,  in  the  Hartz, 
sc.  To  this  altogether  negative  character  I  will  add  a  positive  one, 
viz.  the  occurrence  in  all  Devonian  districts  of  the  Pleuracanthut,  or 
species  of  Phacops  with  the  pygidium  armed  with  teeth  (PA.  punc- 
tata—Ph.  arachnoides,  Ph.  stellatus,  Ph.  laciniatue,  Ph.  callu 
tclee>  &c),  a  group  that  occurs  in  no  well-recognized  Silurian  rocks, 
whilst  it  is  found  in  all  Devonian  countries, — in  Devonshire,  France, 
Spain,  on  the  Rhine,  in  the  Hartz,  &c.  The  oldest  formation  in  which 
the  Pleuracanthus  occurs  is  the  Spirifer-sandstone  or  Older  Rhenish 
Grauwacke  of  F.  Ad.  Roemer.  This  then,  according  to  my  view,  is 
the  base  of  the  Devonian  System,  and  should  be  grouped  with  it,  and 
not,  as  some  think,  with  the  Silurian  System. 

By  the  consideration  of  the  Trilobites  alone  I  have  arrived  at  this 
conclusion,  to  which  also  F.  Ad.  Roemer  was  led  by  the  consideration 
*  Query "  wie  eine,"  a  misprint  for  "  keine." 
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of  the  whole  of  the  fossil  remains  of  this  period,  among  which 
Pleurodictyum  played  as  important  a  part  as  the  Trilobites.  Other 
fossils,  belonging  to  different  classes  of  Mollusca,  may  be  added  to 
the  foregoing  as  aids  in  establishing  the  boundary-line  between  the 
two  successive  systems,  and  of  these  F.  Ad.  Roemer's  work  enume- 
rates already  a  considerable  number. 

I  am  far  from  affirming  that  this  boundary  is  absolutely  true,  or 
that  there  are  no  species  common  to  the  two  systems  thus  bounded ; 
indeed  I  am  aware  of  a  considerably  large  number  of  Silurian  species 
that  reappear  in  the  Devonian  System,  out  they  are  always  very  few 
in  comparison  with  the  Devonian  forms. 

Generally,  however,  no  such  limit  can  be  absolute,  since  nowadays 
it  would  be  difficult  to  carry  out  as  a  general  principle,  that  each 
fauna  was  destroyed  in  one  and  the  same  instant  over  the  whole 
earth's  surface.  Destructive  accidents  of  such  a  kind,  if  they  have 
ever  happened,  could  operate  only  on  a  limited  surface,  as  for  instance 
in  Bohemia :  here  they  destroyed  the  First  and  Second  Faunas,  whilst 
nothing  of  the  kind  is  seen  in  Sweden,  although  both  of  these  faunas 
exist  there  and  are  easily  distinguishable. 

Having  thus  traced  out  a  sketch  of  the  three  great  Silurian  Faunas, 
as  I  regard  them,  I  leave  to  others,  better  informed  on  the  subject 
than  myself,  the  task  of  subdividing  in  like  manner,  if  it  be  possible, 
the  Devonian  System.  Professor  F.  Ad.  Roemer  has  already  fur- 
nished an  interesting  work  on  this  subject,  and  thereby  laid  the 
foundation  for  further  researches,  which  must  indeed  prove  difficult 
and  wearisome,  since  much  depends  upon  the  authentication  of  the 
parallelism  and  general  relations  of  local  stratigraphical  groups  in 
districts  very  far  apart.  As  regards  the  Silurian  System,  we  can,  I 
think,  avoid  all  such  controversy,  as  we  assume,  with  Murchison,  that 
groups  of  strata  are  only  local  subdivisions,  the  discrimination  of 
which  is  dependent  on  the  peculiarities  of  each  district.  Thus  the 
presence  or  absence  of  limestone  is  sufficient  to  give  rise  to  very  per- 
ceptible differences  in  the  vertical  distribution  of  the  fossils  even  in 
districts  lying  very  near  to  one  another.  If  we  compare  widely  sepa- 
rated countries,  as  Europe  and  America,  the  difference  of  climate  alone 
is  sufficient  to  account  either  for  the  total  absence  of  identical  species, 
or  for  their  different  position  in  the  vertical  series ;  although  the 
two  groups  of  strata,  conformably  to  the  mutual  analogy  of  all  generic 
and  specific  forms  in  other  parts  of  the  world,  comprise  one  and  the 
same  great  fauna.  Existing  nature  affords  us  in  this  respect  the  most 
convincing  proofs.  Disregarding  the  stratigraphical  groups  and  sub- 
divisions, it  appears  to  me  that  we  can  arrive  at  great  results,  that 
Ii&vc  i\  uaiversality  and  certainty  more  advantageous  for  science,  than 
the  partial  and  more  or  less  uncertain  and  assailable  conclusions  to 
which  we  may  be  led  by  the  comparison  of  the  subordinate  groups, 
or  hv  attempting  to  show  their  exact  contemporaneity  by  means  of 
ftbglcr  species,  the  appearance  or  disappearance  of  which  on  the  whole 
earth'*  surface  is  in  such  case  assumed  to  have  taken  place  at  the 
amine  instant. 

Th<  se  questions,  which  I  have  here  only  slightly  touched  upon,  are 
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of  great  importance ;  and  I  intend  to  treat  of  them  fully  in  a  treatise 
"  on  the  succession  and  relation  of  contemporaneous  Silurian  faunas 
in  different  parts  of  the  world."  I  am  still,  however,  in  want  of  im- 
portant materials  requisite  for  the  accomplishment  of  the  work. 

[T.  R.  J.] 


On  the  "Colonies"  in  the  Silurian  Formation  (/Bohemia. 
By  M.  J.  Barrande. 

[Leonhard  u.  Bronn's  N.  Jahrb.  f.  Min.  u.  s.  w.  1852,  3  H.  p.  306.] 

M.  Barrande's  "Colonies*  "  consist  of  the  local  appearance  of  his 
Third  Silurian  Fauna  (Group  E,  belonging  to  the  Upper  Division) 
within  the  region  of  the  Second  Fauna  (Group  D,  belonging  to  the 
Lower  Division).  The  Colonies  are  of  small  extent,  being  confined, 
both  vertically  and  horizontally,  in  very  narrow  limits.  The  strata 
of  which  they  consist  are  intercalated  in  Group  D,  with  a  strike  and 
dip  conformable  to  the  rest  of  the  group  f. 

To  show  how  closely  these  Colonies,  intercalated  in  the  Lower  Si- 
lurian, are  connected  with  the  fauna  of  Group  E  (Upper  Silurian), 
it  is  sufficient  to  point  out  that  of  the  sixty-three  species  as  yet  found 
in  them,  thirty-seven  again  occur  in  the  Third  Fauna,  although  other- 
wise these  two  Silurian  divisions  (Upper  and  Lower)  have  scarcely  a 
species  in  common. 

M.  Barrande  explains  these  local  appearances,  of  one  fauna  amidst 
a  second,  by  the  supposition  of  an  immigration  of  organisms  from 
another  region  into  Bohemia,  where  they  remained  a  short  time,  i.  e. 
as  long  as  the  conditions  that  favoured  their  immigration  continued 
favourable  for  their  existence  there.  The  character  of  the  strata  of 
these  Colonies  is  also  peculiar.  During  the  continuance  of  the  Colo- 
nies the  deposits  consisted  of  Graptolite-schists  with  calcareous  no- 
dules, identical  with  those  subsequently  forming  Group  E  at  the  base 
of  the  Upper  Division,  and  strongly  contrasting  with  the  quartzites 
peculiar  to  Group  D. 

After  the  sudden  and  total  extinction  of  the  Second  Fauna  ^Group  D) 
by  the  trap-eruptions  which  covered  the  whole  surface  of  this  Silurian 
basin,  the  fauna  of  the  Colonies,  with  their  peculiar  graptolite-schists 
and  calcareous  nodules,  once  more  appeared,  and  constitutes  M.  Bar- 
rande's Third  Fauna,  characterizing  the  lower  limestone-group,  E, 
that  forms  the  basement-beds  of  his  Upper  Silurian  Division. 

Among  other  important  considerations  to  which  these  phamomena 
must  necessarily  give  rise,  M.  Barrande  points  out  that,  by  aid  of  the 
Colonies,  we  have  evidence  of  the  existence  (probably  in  the  north- 
east of  Europe)  of  a  fauna  which,  had  it  not  supplied  Colonies  to  the 
Bohemian  district  previously  to  its  subsequent  development  in  the 
Upper  Silurian  rocks,  could  have  been  regarded  only  as  of  later  date 
to  Group  D,  and  not  contemporaneous  with  it.  He  refers  also  to  the 
great  length  of  time  during  which  the  contemporaneity  of  these  two 


*  See  also  Bulletin  Soc.  GeoL  France,  deux.  ser.  tome  viii.  p.  152  et  ttq. 
Janv.  1851.  t  See  Ideal  Section,  foe.  tit,  pi.  3. 
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faunas  must  have  lasted, — a  period  measured  by  a  deposit  1 200  metres 

thick,  that  forms  the  upper  strata  of  Group  D. 

[More  or  less  analogous  phenomena  are  pointed  out  by  M.  C.  Pre* 
vost  (Bullet.  /.  c  p.  156),  Prof.  Bronn  (Jahrb.  /.  c.  p.  307),  and 
M.  Barraude  himself  (Bullet.  /.  c.  n.  158),  amongst  which  are  refer- 
ences to  the  Inferior  and  Great  Oolites — see  Morris  and  Lycett's 
Monograph  on  the  Great  Oolite  Molluscs,  Pal.  Soc.,  1850;  Lycett, 
on  the  Minchinhampton  Oolite,  Ann.  Nat.  Hist.  1848,  vol.  ii.  p.  248 
et  seq.  (noticed,  Jahrb.  1850,  p.  869),  and  Brodie  on  the  Lower 
Oolite  near  Cheltenham,  Quart.  Journ.  Geol.  Soc.  1850,  vol.  vi.  p.  239 
et  seq.  (see  Remarks,  Jahrb.  1851,  p.  487)  ;  and  to  the  Oolite  and 
Cretaceous  Rocks  of  Portugal,  see  Snarpe,  Quart.  Journ.  Geol.  Soc. 
1850,  vol.  vi.  p.  101  et  seq.  (noticed,  Jahrb.  1850,  p.  638).] 

  [T.  R.  J.] 

On  the  Foraminifera  of  the  neighbourhood  o/ Basle. 

By  P.  Merian. 
[Bericht  VerhandL  Nsturf.  GeselUch.  Basel,  1851,  ix.  pp.  49,  50.] 

Vert  few  Foraminifera  have  beeu  as  yet  noticed  from  the  Jurassic 
deposits,  their  minuteness  occasioning  them  to  be  overlooked.  In 
the  lower  division  of  the  "  Sequanian  "  formation  there  is  a  bed  com- 
pletely filled  with  small  fossils.  In  an  excursion  made  in  the  neigh- 
bourhood of  Pruntnit  by  the  author,  accompanied  by  M.  Jos.  Kochlin 
and  M.  Thurmann,  the  latter  discovered  a  fine  CristeUarim,  which 
was  shortly  after  found  in  great  abundance  in  a  corresponding  bed 
by  the  author  and  M.  Kochlin.  To  this  species,  which  is  unde- 
scribed,  M.  Merian  gives  the  name  Cristetlaria  Seqmanm.  The 
hornstone-concretions  in  the  Coralline  Umcfttoii*  of  1st  tin  air  parti* 
cularly  rich  in  Foraminifera,  which  in  al*u  the  case  with  the  bonaMB 
and  jasper-concren cftn  ftf  ili  niuprn,  LieU,  Angpen,  kc+  m  Bad**  ; 
and  the  same  spent  anpar  to  he  tonnd  in  the  liliaruita  noddev  of 
the  Coralline  limestooe  as  in  thus*  of  the  pea4rara*<  The  matrix 
appears  to  have  been  very  favourable  for  the  pH-sm-iitin  of  these  mal  I 
animal  remains  ;  for  scarcely  a  nodule  can  W  frond  ia  either  of  ihtae 
formations  that  does  not  contain  Poraminifera.  M.  Merman  found  a 
Nodosaria  in  great  abundance  in  ail  the  localities  named  i  a  frit ««f- 
laria  in  the  home  tone  of  the  pisolite  deposit  of  Ilmtugeji ;  mi  a 
third  species,  with  an  irregular  spiral  shell,  whose  form  cNBttf  hm 
entirely  made  out  from  the  snecimeut.  in  thf  yellow  jasper  of  Awfttfu 
Farther  research  in  these  siliceous  fon nation*  will  doubtkf*  pwJubi 
more  species.  M  Merian  ha*  never  yet  found  an  v  thing  of  the  teal 
in  the  numerous  hormtrtnc-nodiuY*  ot  the  Mit#ciielfcaIJu 

In  the  compact  rauamms  Mubuse  of  $t*t 
of  tertiary  age,  M 

a  Quinqueloculintt  and  a  Xptrotoathmx*  ami  i 
to  find  more.    No  ftWta  of  this  data  have  yet  bm  quoted  If 

from  the  extenshc  Molssse  series  of  Uie  ct  i       ■  !  -  ■*      "  i 
matrix  is  usually  no? 
a  recognizable  condition. 
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On  Tertiary  Deposits  in  the  Wurtemberg  Alps. 
By  O.  Fraas. 

[Wiirtemb.  Jahreshefte,  1851,  vol.  viii.  p.  56-59 ;  and  Leonhard  u.  Bronn's 
N.  Jahrb.  f.  Min.  u.  s.  w.  1852,  3  H.  p.  345.] 

The  tertiary  pisolite  beds  [Bohnerz,  Fer  oolitique,  Pea-iron-ore]  are 
of  two  ages.  Generally  they  occupy  channels,  basins,  clefts,  and  holes 
in  the  massive  limestone  and  spongites-beds  (Quenstedt's  "  plumpen 
Felsenkalken  und  Spongites-Banken,"  e.  and  y.  of  the  White  Jura  *), 
the  walls  of  the  cavities  being  quite  covered  with  radiating  calc-spar. 
These  generally  contain  teeth  of  Mastodon,  Hippotherium,  Equus, 
Elephas,  and  Rodents,  mostly  broken  and  rolled.  Similar  deposits 
are  found  at  Salmendingen,  Melchingen,  and  Onstmettingen,  where 
human  teeth  also  and  works  of  art  have  been  found. 

The  caverns  with  Palaotherium  are  of  another  kind.  In  going 
from  Mess-stetten  through  the  Hardt,  on  the  Baden  frontier,  on  the 
way  to  Stetten  and  opposite  the  smelting-house  at  Thiergarten,  close 
on  the  frontier  we  come  to  a  valley,  which  is  deep  and  wide,  but  has 
no  outlet.  It  is  about  half  a  square  mile  in  extent.  This  is  the 
Hardtle  of  Fronstetten,  evidently  an  old  sea-basin,  wherein  the  waters 
of  the  neighbouring  wooded  heights  of  "White  Jura"  rocks  have 
collected  and  still  collect,  to  pass  away  by  subterranean  channels, 
leaving  behind  the  collected  bones  and  gravel.  In  this  basin-like 
valley,  the  pisolite-pits,  close  on  the  old  rocky  shore,  give  the  follow- 


ing section : —  feet. 

1.  Mould..   2 

2.  Very  fine  pisolite,  with  a  few  well-preserved  teeth 

of  Palaotherium   8 

3.  Yellow  clay  and  gravel  of  the  jurassic  rocks,  with- 

out pisolite  and  teeth    12 

4.  Clay-bed,  rich  in  pisolite,  bones,  and  teeth  . .  1±  to  2 

5.  Very  pure  pisolite,  much  coarser  than  No.  2,  with- 

out teeth   15 

~39 


Among  the  remains  here  discovered,  all  Cuvier's  species  of  Palceo- 
therium  and  Anoplotherium  f  are  recognizable,  especially  the  smaller 
forms.  The  enamel  of  the  teeth  is  in  beautiful  condition,  and  the  cavi- 
ties of  the  bones  are  filled  with  the  pisolite.  Of  the  bones  and  teeth — 

0'90  belong  to  Palaotherium :  those  of  the  more  common  species 

are  in  equal  proportion. 

0*08  belong  to  Jtmpfoiherium  i  those  of  A.  frptirmum  are  beauti- 
fully preserved* 

00"  1  belong  to  Palwunrri/.r. 

00"  1  belong  to  Reptiles  of  die  White  Jura :  these  are  accompanied 
with  remains  of  Tcvcbrutuitv,  Uidaritts,  antl  Jpiucrin^  from 
the  same  rocks* 

0*02  belong  to  Caruivorn, 

*  Sre  Quart.  i«)iiru.  CUhA.  Soct  va|+      Put  X  MUcolL  |t*  fitf. 

t  Sec  uhc  UuHetio  iiuu.  (W<*L  fwWh  "  f  P-        Mars  1852. 
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Half  a  mile  distant  from  this  pit  is  the  Winterling  sand-pit,  con- 
taining Cerithium,  Voluta,  Venus,  and  numerous  teeth  of  Otodus  and 
Lamna,  which,  as  genera,  have  reference  to  the  Calcaire  grossier. 
The  clays,  then,  of  Fronstetten  and  Neuhaosen  would  correspond  to 
the  gypsum,  and  the  limestone  of  Winterling,  Bachzimmern,  and 
Blumberg,  to  the  Calcaire  grottier  of  the  Paris  basin.    (T.  R.  J.] 


On  the  Tertiary  Clays  at  Osnabrdck.    By  E.  Beyrico. 

[Geolog.  Zeitschrift,  1851,  vol.  iii.  p.  211-213 ;  and  Leonhard  a.  Bronn't  N.  Jahrb, 
f.  Min.  u.  s.  w.  1852,  3  H.  p.  358.] 

Among  the  shells  collected  by  Fred.  Roemer  in  these  days,  there 
are  only  a  few  eocene  species,  and  indeed  only  such  as  elsewhere 
reach  to  the  pliocene  series,  as  Typhis  horridus  and  Dentalium  en  tale. 
On  the  other  hand,  of  characteristic  miocene  and  pliocene  species  are 
found — 

Conus  antedUavianui,  Brocc.  Cytherea  multflimella,  Lam. 


Turritella  tubangulata,  Brocc, 

These  clays  best  correspond,  not  to  the  septarian  clays  of  Branden- 
burg, but  to  the  longer  known  tertiary  maris  which  are  equiyalent  to 
those  of  the  Doberg  near  Bunde  and  the  beds  of  Freden,  Dieckholx, 


species,  which  Goldfuss  described  from  Griffel  near  Winterswyck  in 


cardia  cor. 

Compared  with  Dumont's  classification  for  Belgium  published  in 
1849,  the  whole  of  the  Tertiary  formations  of  North  Germany  would 
be  equivalent  only  to  the  three  groups  by  him  termed  miocene, 
—Systbnes  Tongrien,  Rupelien  et  Bolderien,  the  second  of  which 
comprises  the  clays  of  Boom  and  Baesele,  which  are  identical  with 
the  septarian  clay  of  Brandenburg.  To  this  system  in  North  Ger- 
many may  perhaps  belong,  as  a  younger  member,  the  beds  from  which 
the  Sternberg  stone  is  obtained.  To  the  Systeme  Tongrien  the  green 
sandy  and  argillaceous  sandy  beds  would  belong,  which,  about  Mag- 
deburg, coyer  partly  the  Brown-coal  and  partly  the  older  rocks ;  to 
the  Systeme  ltolderien,  the  typical  miocene  strata  of  Osnabruck, 
Bunde,  Ilildesheim,  and  Cassel,  probably  also  of  Holstein,  Luneburg, 
and  Sylt  Island.  M.  Beyrich  does  not  determine  whether  the  two 
older  Belgian  systems  should  be  more  correctly  termed  Upper  Eocene, 
or  Lower  Miocene.  From  the  stratigraphical  conditions  in  North 
Germany  the  author  assents  to  Dumont's  view,  drawn  from  similar 
Belgian  conditions,  in  opposition  to  D'Archiac,  that  the  clays  of  the 
Systeme  Rupelien  are  not  the  equivalent  of  the  London  clay,  but  over- 
lie the  Systeme  Tongrien,  which  covers,  near  Brussels,  the  equivalent 
of  the  Calcaire  grossier  of  Paris.  Still  less  do  the  septarian  days  of 
Brandenburg  belong  to  the  Calcaire  grossier.  [T.  1L  /.] 


Pyrula  reticulata,  Lam. 
Fusus  politus,  Ren. 
Natica  GuiUemini,  Peyr. 


Isocardia  cor,  Lam, 
Limopsis  aurita,  Br. 
 minuta,  Phil 


and  Kassel.    There  are  also 


the  shells  from  Bersenbruck  three 
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[The  fossils  referred  to  are  described,  and  those  of  which  the  names  are  printed 
in  italics  are  also  figured.] 
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Gulf  Stream  to  the  Arctic  Sea,  hypo- 
thetical continuance  of  the,  90 ;  no- 
ticed, briii. 

Hagley  Park,  upper  Ludlow  rock  at,381. 

Harkness,  Mr.,  on  the  Silurian  rocks  of 
the  South  of  Scotland,  and  on  the 
gold  districts  of  Wanlockhead  and 
the  Lead  Hills,  393. 

Harter  Fell,  Cooiston  grits  of,  41. 

Heat,  influence  of  the  earth's  internal, 
56 ;  noticed,  lviii. 

  radiating  from  external  bodies, 

influence  of,  60 ;  noticed,  IviiL 

Heers,  beds  at,  intermediate  between 
the  eocene  and  cretaceous,  366. 

— — ,  marls  and  glauconite  of,  366. 

HtUx  Alexandria  198. 

 biktmeiUta,  199. 

 mcermU;  190. 

 ruderaia,  190. 

tpw&ti  199. 

Henis,  sands  of,  309. 

Highlands,  granitic  drift  of  the  South, 
20;  noticed, xxx;  Mr. D.  Sharpe  on 
the  South,  126. 

Himalayas,  elevation  and  dislocations 
in  the,  noticed,  lxviii ;  geology  of, 
noticed,  lxv. 

Holmftrth  flood,  Mr.  Prestwich  on  the, 
225. 

Honhim  BruxeilknM,  346. 

Hopkins,  Mr.  (President),  Address  on 
presenting  the  Wollaston  Medal  to 
Dr.  Fitton,  xix ;  Address  on  present- 
ing the  Donation  Fund  Award  to 
Mr.  Morris,  xxi;  Anniversary  Address, 
xxi.  Noticm  qfdtctud  FeUotn :  Dr. 


Kidd,  xxi;  The  Be?.  W.  Kirby,  xxn; 
Mr.  R.  C.  Taylor,  xxiti ;  Mr.  R.  Phil- 
lips, xxiv;  Mr.  Vandercomb,  xxiv. 
The  period  of  the  drift,  xxiv;  glacial 
theories  of  transport,  xxv ;  researches 
of  Agassix,  Charpentier,  and  Prof. 
Forbes,  xxvi;  force  of  cuiiemts, 
xxvii;  three  agencies  of  transport, 
glaciers,  floating  ice,  and  car- 
rents,  xxvii;  striated  rock  snrfnrea. 
xxix ;  Scandinavian  stria*,  xxix ;  M. 
Bohtlink  on  striss  in  leplsnd,  xxix; 
M.  Durocher  on  erratic  blocks  in 
Scandinavia,  xxix;  distribution  of 
erratic  blocks  in  the  S.  Highlands  of 
Scotland,  xxx;  the  agency  of  waves 
of  elevation  in  distributing  these 
blocks,  xxxi ;  the  drift  and  striss  of 
North  America,  xxxi ;  Dr.  Bagsby  om 
the  striss  in  Canada,  xxxi;  relative 
directions  of  striss  in  valleys  and  on 
ridges,  xxxii ;  M.  Sefstrom  on  Scan* 
dioavian  striss,  xxxiii;  materials  of 
the  northern  drift  of  Europe,  xxxm ; 
boundary  of  the  drift  area,  xxxiii; 
granite  boulders  of  the  drift,  xxxiv; 
the  drift  in  Russia,  xxxiv ;  absence 
of  glaciers  on  the  Ural  Mountains, 
xxxv ;  existence  of  the  mammoth  in 
Northern  Asia  during  the  glacial  pe- 
riod, xxxv,  lxv ;  method  of  the  stria- 
ting  process,  and  simultaneous  depo- 
sition of  detrital  matter,  xxxvi ;  the 
drift  of  North  America,  xxxviii ;  Dr. 
Bigsby  on  the  erratics  of  Canada, 
xxxix ;  Prof.  Ramsay  on  the  super- 
ficial accumulations  of  North  Wales, 
xlii ;  Mr.  Austen  on  the  snperncial 
accumulations  of  the  coasts  of  the 
English  Channel,  xhv ;  Mr.  Prestwich 
on  the  drift  of  Sangatte  ctift  near 
Calais,  xlvi ;  Sir  R.  1.  Murchison  est 
the  flint  drift  of  the  S.E.  of  England, 
xlvii ;  Mr.  Martin  on  the  drift  of  the 
S.B.  of  England,  lii ;  The  Rev.  Mr. 
Clarke  on  the  soniferous  drift  of 
Australia,  Hv;  Sir  R.  L  Murchison 
on  the  auriferous  drift  of  the  Ural 
and  Australia,  tiv;  Mr.  Hopkins  on 
the  causes  of  change  in  the  earth's 
superficial  temperature,  lvii;  Sir  John 
Richardson  on  remains  of  mammalia 
in  high  latitudes,  lxv ;  CapcStrachey 
on  the  geology  of  the  Himalayas,  lxv ; 
elevation,  dislocation,  and  lateral 
pressure  of  rock-manes,  lxviii ;  con- 
tributions to  the  geology  of  the  pe- 
lsDozoic  rocks,  Ixx ;  Cape  L.  Brick- 
enden  on  fossil  root-tracks  in  the  Old 
Red,  lxx;  Dr.  Mantellon  the  7Usr* 
sWon  Elymens*,  lxx ;  Mr.  Logan  and 
Prof.  Owen  on  fossil  foot -tracks  sa 
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the  Potsdam  sandstone,  lxxi,  lxxx; 
the  doctrines  of  progression  and  non- 
progression,  lxxi;  sodtributions  on 
the  geology  of  secondary  and  tertiary 
rocks,  lxiv;  Prof.  E.  Forbes  on  the 
estuary  beds  and  Oxford  clay  at  Loch 
Staffin  in  Skye,  Ixxt;  The  Duke  of 
Argyll  on  the  tertiary  beds  of  the  Isle 
of  Mull,  lxxrii ;  the  Museum  of  Cam- 
bridge, lxxix ;  the  Museum  of  Prac- 
tical Geology,  lxxix;  note  on  the 
lower  Silurian  foot-tracks,  lxxx; 
MM.  Whitney  and  Foster  on  the 
Lake  Superior  Land  District,  lxxx. 

Hopkins,  Mr.,  on  the  granitic  blocks  of 
the  South  Highlands,  20. 

 ,  on  causes  which  may  have  pro* 

duced  changes  in  the  earth's  super- 
ficial temperature,  56. 

Horton  flagstone,  Prof.  Sedgwick  on 
the,  50. 

Hudson's  Bay,  South,  geology  of  part 
of,  400. 

Hunt,  Mr.  T.  S.,  analysis  of  phosphatic 

bodies  from  Canada,  209. 
Huppaye,  plastic  clay  at,  361. 
Ice,  agency  of,  in  transport  of  erratic 

blocks,  26 ;  noticed,  xxvi,  xxxiv. 
Ichnites  in  the  Old  Red  of  Moray,  97 ; 

in  the  Potsdam  sandstone,  199, 214; 

in  the  Wealden,  396. 
Impressions  and  footprints  of  Protich- 

nites,  Prof.  Owen  on  the,  214. 
Ingleton  Beck,  section  at,  43. 
Ireland,  carboniferous  slate  of,  7, 8. 
Ixelles,  eocene  fossils  at,  338. 
Jauche,  lower  landenian  beds  at,  364 ; 

plastic  clay  at,  360. 
Jendrain,  lower  landenian  beds  at,  364. 
Jette,  fossils  at,  333. 
Jones,  Mr.  Rupert,  description  of  Fora- 

minifera  from  the  Thanet  sands,  267. 
Kent,  Mr.  Trimmer  on  the  soils  of,  273. 
Kidd,  Dr.,  notice  of,  xxi. 
Kirby,  The  Rev.  W.,  notice  of,  xxii. 
Kleyn  Spawen  beds  and  their  fossils, 

303. 

Kotah,  Deccan,  the  geology  of  the 

neighbourhood  of,  230. 
Klimmen,  sands  of,  309. 
Laeken  beds,  332 ;  fossils  of  the,  333. 
Lake  Kaminitic,  geology  of,  401. 
 of  the  Woods,  Dr.  Bigsby  on  the 

geology  of  the,  400. 
Land  and  freshwater  shells,  fossil,  from 

Copford,  189. 
Landenian  beds,  lower,  atTournay,  &c, 

361. 

Land  shells,  extinct,  of  St.  Helena,  197. 
Lateral  pressure  of  rock-masses,  no- 
ticed, lxxviii. 
Lead  Hills,  gold  district  of  the,  396. 


Leda  nb$M*tm,  266. 
LenUa  patelloide$,  342. 
Lewisham,  reversed  faults  at,  193. 
Library  Committee,  annual  report  of 
the,  iil 

Lille,  London  clay  near,  359. 

 ,  middle  eocene  beds  near,  359. 

Limburg  beds,  denudation  on  the,  310 ; 
lower,  308;  middle,  304;  nomen- 
clature of  the,  321 ;  upper,  298. 

 tertiary  series,  298. 

Limulus,  Mr.  Salter  on  fossil,  387. 

Lincent,  lower  landenian  beds  at,  365. 

Liskeard  group  of  Devonian  rocks,  3, 17. 

Lloyd,  Dr.  G.,  on  some  fossil  plants 
from  the  lower  trias  of  Warwickshire, 
381. 

Loch  Fyne,  granitic  drift  of,  20. 

 Lomond,  granitic  drift  of,  20. 

 Long,  graiutic  drift  of,  20. 

Loess  near  Kleyn  Spawen,  310. 

 of  the  Rhine,  Sir  C.  Lyell  on  the, 

278. 

 or  Lehm  of  Belgium,  278. 

Logan,  Mr.  W.  E.,  on  the  foot-prints 
occurring  in  the  Potsdam  sandstone 
of  Canada,  199 ;  noticed,  lxxi. 

London  clay  of  Belgium,  359. 

Long  Scar,  Prof.  Phillips  on  the  bould- 
ers on,  53. 

Lower  London  tertiaries,  Mr.  Prest- 
wich  on  the,  236. 

Lower  palaeozoic  rocks  at  the  base  of 
the  carboniferous  chain  between 
Ravenstonedale  and  Ribblesdale,  35. 

Ludlow  bone-bed,  383. 

Ludlow  rock,  upper,  at  Hagley  Park, 
381;  fossils  of  the,  384. 

Lyell,  Sir  C,  on  the  tertiary  strata  of 
Belgium  and  French  Flanders,  277. 

Macculloch's  Map  of  Scotland,  Mr. 
Sbarpe  on  the  quartz  rock  of,  120. 

Mammoths  in  the  glacial  period,  exist- 
ence of,  noticed,  xxxv,  lxv. 

MantelTs,  Dr.,  description  of  the  7W- 
erpeton  Elginente,  100 ;  noticed,  lxx ; 
on  supposed  fossil  ova  of  Batracbiani 
in  the  lower  Devonian  strata  of  For- 
farshire, 106. 

Marine  zones  of  depth,  Prof.  E.  Forbes 
on  the,  303. 

Marwood,  Devonian  fossils  at,  8. 

May  Hill  and  Horderley  rocks,  Prof. 
Sedgwick  on  the,  141. 

May  Hill  beds,  fossils  of  the,  142. 

Mendips,  earthquake  in  the,  234. 

Mica-slate  of  Cantyre,  Prof.  J.  Nicol  on 
the,  408. 

Mons  en  Peville,  middle  eocene  beds 

near,  357;  fossils  of  the,  357. 
Mont  Noir,  eocene  beds  at,  324. 
 ,  ,  fossils  of  the,  325. 
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Moray,  reptilian  foot- tracks  and  r 
in  the  Old  Red  of,  97. 

Morris,  Mr.,  award  of  theWoUaston 
medal  to,  xxL 

 ,  description  of  some  fossil  shells 

from  the  lower  Thanet  sands,  264. 

Monghton  Fell,  lower  palaeozoic  rocks 
and  fossils  at,  50. 

Mull  of  Cantyre,  ancient  sea  lines  on 
the,  421. 

 ,  the  mica-slate  of  the,  408. 

Mull,  tertiary  beds  in,  noticed,  lxxvii. 

Murchison,  Sir  R.  L,  on  the  anticipation 
of  the  discovery  of  gold  in  Australia, 
with  a  general  view  of  the  conditions 
under  which  that  metal  is  discovered, 
134 ;  noticed,  liv ;  on  the  flint-drift 
of  the  S.E.  of  England,  noticed,  xlvii  i 
on  the  meaning  of  the  term  "  Silurian 
system1'  as  adopted  by  geologists  in 
various  countries  during  the  last  ten 
years,  173. 

Museum  Committee,  Annual  Report  of 
the,  iiL 

Museum  of  Practical  Geology,  noticed, 
lxxix. 

Neale's,  Mr.,  notice  of  fossil  bones  at 
Portland,  109. 

Nelson,  Capt.,  on  the  geology  of  the 
Bahamas,  and  on  coral  formations 
generally,  381. 

New  Red  Sandstone  of  Nova  Scotia, 398. 

Nicol,  Prof.  James,  on  the  geology  of 
the  southern  portion  of  the  peninsula 
of  Cantyre,  Argyllshire,  406. 

Nipadites,  344. 

Nipadit*  Bmrimi,  345. 

 ktneeolatu9,  346. 

 ParkinHmi*,  346. 

Notice  of  the  occurrence  of  an  earth- 
quake at  Santiago  and  Valparaiso,  1. 

Nova  Scotia,  carboniferous  rocks  of, 
398 ;  new  red  sandstone  of,  398. 

Nuckotitet  approximate,  341. 

NummulHes,  distribution  of  the,  in 
England  and  Belgium,  333. 

NummulHic  eocene,  Sir  C.  Lyell  on  the, 
323;  lower,  of  Brussels,  349;  mid- 
dle, of  Brussels,  335;  upper,  of  Brus- 
sels, 332. 

Nummulitic  rocks  of  Gerona,  269. 

Old  Red  Sandstone,  reptilian  foot-tracks 
and  remains  in  the,  97 ;  noticed,  ha. 

 of  the  South  High- 
lands, Mr.  Sharpe  on  the,  121, 126. 

Ornithoidichnites  of  the  Wealden,  396. 

Orp-le-Grand,  lower  landenian  beds  at, 

Ova  of  Ratrarhiant ,  supposed  fossil,  106 ; 

of  Gasteropoda,  supposed  fossil,  247. 
Ovule,  large  species  of,  from  Boeecbepe, 

326* 


Owen,  Prof.,  on  crocodilian  rcsnanss 
from  Kotah,  Deccan,  233;  om  the 
impressions  and  foot-prints  of  Prot- 
ichnhes  from  the  Potsdam  sandstone 
of  Canada,  214 ;  noticed,  Ixxi,  Ixxl 

Pabeoiok  rooks,  ProC  Sedgwick  om  the 
lower,  136. 

 system,  table  of  the,  147. 

Palm,  fruit  of  fossil,  344 ;  stool  of  fos- 
sil, 344. 

Panopaa  pranuiat*,  264. 

Peat  deposits  of  Cantyre,  418. 

Pecten  PrtttvickU,  266. 

Pennine  fault,  Prof.  Sedgwick  om  the* 
35. 

Petherwio,  Devonian  fossils  at,  7. 

 group  of  Devonian  rocks,  3. 

Phillips,  sir.  Richard,  notice  of,  xxrr. 
PkoUdomya  kommckU,  265. 
Phosphatic  nodules  found  in  Canada, 

analysis  of,  209;  Mr.  W.  B.  Logan 

on,  208. 

Plastic  day  formation,  Mr.  Prestwicm 
on  the,  235 ;  of  Belgium,  360. 

Pleurotomaria,  gigantic  species  of,  in 
the  Tournay  beds,  362. 

Plymouth  group  of  Devonian  rocks,  3. 

PolymorpAma  ampulla,  267. 

Porth  Caerhays,  Devonian  fossils  at,  13. 

Portland,  fossil  bones  in  the  drift  of,  109. 

 ,  Mr.  Weston  on  the  Isle  of,  117. 

Potsdam  sandstone,  foot-tracks  in,  no- 
ticed, lxxi,  txxx. 

Potsdam  sandstone  of  Csnada,  Mr. 
W.  E.  Logan  on  the,  199. 

 ,  the  foot-prints  in  the,  214. 

 ,  ProfOweeon  the  foot-priats 

in  the,  214. 

Pratt,  Mr„  on  the  geology  of  Catatonia, 
268. 

Presteign  limestone,  Prot  Sedgwick  am 
the,  143. 

Prestwich,  Mr.,  on  some  of  the  enVcts 
of  the  Holmnrth  flood,  225;  on  the 
drift  of  Sangatte,  noticed,  zlvi;  om 
the  distribution  of  land  and  water  at 
the  commencement  of  the  eocene 
period,  256;  on  the  elevation  of  the 
Weald,  257 ;  on  the  structure  of  the 
strata  between  the  London  day  and 
the  chalk  in  the  London  and  Hamp- 
shire tertiary  systems,  pen  iiL,  235 ; 
on  the  Thanet  sands,  237. 

Progression  and  non-utogreeainn,  the 
doctrines  of,  noticed,  tad. 

Proiiekmtta,  Prot  Owen  on,  214. 

 aitmmu,  221. 

 (arnt,  218. 

 is***/**,  220. 

 ati •  noferns,  217. 

 atptnm~wo4atou%  214. 

Psendomorphoos  oolitic  rock,  191. 
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Pterygotra  problematic™,  Mr.  Salter 
on  the,  386. 

Quader  formation  of  Germany,  Dr. 
Geinitz  on  the,  54. 

Quartz  rock,  Mr.  Sharpe  on,  120. 

Ramsay,  Prof.,  on  the  superficial  accu- 
mulations and  surface-markings  of 
North  Wales,  371 ;  noticed,  xlii. 

Ravenstonedale  and  Ribblesdale,  lower 
palaeozoic  rocks  of,  35. 

«  section,  Prof.  Sedgwick  on  the, 

41. 

Rawlinson,  Mr.R.,  on  foot-tracks  found 
in  the  new  red  sandstone  at  Lymm, 
Cheshire,  426. 

Report  of  the  Council,  i. 

 of  the  Museum  and  Library  Com- 
mittee, iii. 

Renaix,  middle  eocene  fossils  at,  357. 

Reptilian  foot-tracks  in  the  Old  Red, 
97 ;  noticed,  lxx. 

 remains  in  the  Old  Red,  100 ;  no- 
ticed, lxx. 

Reversed  faults  at  Lewisham,  Rev.  M. 
De  la  Condamine  on,  193. 

Ridgway  range,  Mr.  Weston  on  the, 
110. 

Ripple-mark  in  Potsdam  sandstone, 

Mr.  W.  E.  Logan  on  the,  212. 
Rissoa,  Prof.  E.  Forbes  on,  323. 
Rosalina  Maria,  267. 
Rupelmonde  clay,  298 ;  relation  of,  to 

the  upper  Limburg  beds,  309. 
Russia,  the  drift  of,  noticed,  xxxiv. 
Salter,  Mr.,  on  some  Graptolites  from 

the  south  of  Scotland,  388. 
 ,  on  the  Pterygotus  problematicus, 

386. 

Sangatte  Cliffs,  drift  of,  noticed,  xlvi. 
Sandhill  Lake,  geology  of,  402. 
Sand-pipes,  Mr.  Trimmer  on,  276. 
Sangumolaria  Edvardsii,  264. 
Santiago  and  Valparaiso,  earthquake 
at,  1. 

Scalaria  BowerbankU,  266. 

Scandinavian  striae  and  drift,  noticed, 
xxix,  xxxiii. 

Schaerbeek,  eocene  beds  at,  343. 

 ,  ,  fossils  of  the,  344. 

Schelle  and  Boom  clays,  299. 

Scotland,  auriferous  rocks  of,  396. 

 ,  indications  of  glaciers  in  the 

S.  Highlands  of,  27. 

 ,  Mr.  Harkness  on  the  Silurian 

rocks  of,  393. 

— ,  Mr.  Hopkins  on  the  granitic  drift 
of  the  South  Highlands  of,  20. 

 ,  Mr.  Sharpe  on  the  geology  of  the 

South  Highlands  of,  126. 

Scutellina  rotunda,  342. 

Sedgwick,  Rev.  Prof.,  on  the  classifica- 
tion and  nomenclature  of  the  lower 


palaeozoic  rocks  of  England  and 
Wales,  136;  on  the  lower  palaeozoic 
rocks  at  the  base  of  the  carboni- 
ferous chain  between  Ravenstone- 
dale and  Ribblesdale,  35;  on  the 
slate  rocks  of  Devon  and  Cornwall,  1. 

Sefetrom  on  Scandinavian  striae,  no- 
ticed, xxxiii. 

Sharpe,  Mr.  D.,  on  the  comparison  of 
the  Devonian  series  of  Belgium  and 
England,  425 ;  on  the  quartz  rock  of 
Macculloch's  Map  of  Scotland,  120 ; 
on  the  southern  border  of  the  High- 
lands of  Scotland,  126. 

Silurian  foot-tracks,  noticed,  hnri,  lxxx. 

  fossils  from  the  Lake  of  the 

Woods,  405. 

— -  rocks,  metamorphosed,  of  the 
South  Highlands,  Prof.  4.  Nicol  on 
the,  424. 

 of  the  South  of  Scotland, 

Mr.  Harkness  on  the,  293. 

 ,  Prof.  Sedgwick  on  the  no- 
menclature of  the,  136. 

 system,  Sir  R.  I.  Murchison  on 

the,  173. 

Skye,  secondary  beds  in,  noticed, 
lxxv. 

Slate  rocks  of  Devon  and  Cornwall, 

Prof.  Sedgwick  on  the,  1. 
Smardale  quarries,  the  red  sandstone  of, 

43. 

Snow-line,  at  the  present  time,  height 

of  the,  76. 
Soils  of  Kent,  Mr.  Trimmer  on  the, 

273. 

Sorby,Mr.,on  apseudomorphous  oolitic 
rock,  191. 

Spain,  Mr.  Pratt  on  the  geology  of  a 
part  of,  268. 

Spatangus  Omalii,  342. 

Spynie,  discovery  of  reptilian  remains 
in  sandstone  at  Loch,  98. 

St.  Austell  granite,  9. 

St.  Gilles,  eocene  beds  at,  335. 

 ,  ,  fossils  of  the,  335. 

St.  Helena,  birds'  bones  at,  196;  ex- 
tinct land  shells  of,  197 ;  Mr.  Blofeld 
on,  195. 

St.  Joose-ten-noode,  eocene  fossils  at, 
343. 

Strachey,  Capt.,  on  the  geology  of  the 

Himalayas,  noticed,  lxv. 
Striae,  relative  directions  of,  in  valleys 

and  on  ridges,  xxxii. 
Striated  rock-surfaces,  noticed,  xxix. 
Striating  process,  method  of,  noticed, 

xxxvi. 

Strickland,  Mr.,  on  a  protruded  mass  of 
upper  Ludlow  rock  at  Hagley  Park, 
Herefordshire,  381. 

Succinea  Bnuonianer,  198. 
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Superficial  accumulation*  of  North 

Wales,  371. 
 geology  of  S.B.  of  England,  Mr. 

Trimmer  on  the,  273. 
Suffolk  crag  compared  with  the  Ant* 

werp  crag,  293. 
Sydney  coal-field,  fossil  fern  from  the, 

31. 

System,  Prof.  Sedgwick  on  the  paleo- 
zoic, 144. 

— ,  Silurian,  Sir  R.  I.  Murchison  on 
the,  173. 

Table  of  classification  of  the  tertiary 
series  of  Paris,  Hampshire,  London, 
and  Belgium,  M.  Dumont's,  370. 

—  of  classification  of  the  tertiary 
series  of  the  Hampshire  and  London 
basins,  as  compared  with  that  of 
Belgium,  M.  Dumont's,  370. 

 of  comparison  of  the  fauns:  of  the 

Antwerp  and  Suffolk  crags,  293. 
 of  comparison  of  the  faunas  of  the 

Limburg  beds  and  the  English  eocene 

strata,  319. 
— • —  of  fossils  from  the  Rupelmonde 

clay,  300. 

 of  fossil  shells  from  the  lower 

Antwerp  crag,  291. 
 of  fossil  shells  from  the  middle 

Antwerp  crag,  288. 
  of  fossil  shells  from  the  upper 

crag  of  Antwerp,  284,  286. 

—  of  middle  eocene  fossils  from 
Cassel  and  Brussels,  351. 

 of  the  Cumbrian  series,  141. 

 of  the  fauna?  of  the  Limburg  beds, 

319. 

 of  the  fossils  of  the  Limburg  beds, 

312. 

 of  the  fossils  of  the  Thanet  sands, 

248. 

 of  the  Limburg  beds  near  Kleyn 

Spawen,  304. 
 of  the  middle  eocene  beds  near 

Brussels,  334. 
 of  the  palaeozoic  system,  147. 

—  of  the  tertiary  formations,  279. 
Taylor,  Mr.  Richard  Cowling,  notice  of, 

xxiii. 

Ttkrpetm  Btymetm,  Dr.  Mantell  on 
the,  100 ;  noticed,  lxx. 

Temperature,  Mr.  Hopkins  on  changes 
in  the  earth's  superficial,  56;  the 
earth's  superficial,  influence  of  the 
earth's  internal  heat  on,  56;  noticed, 
hiii ;  influence  of  various  configura- 
tions of  land  and  sea  and  oceanic 
currents,  63 ;  noticed,  lx. 


Terrestrial  heat,  Mr.  Hopkins  on,  56. 
Tertiaries,  lower  London,  Mr.  Prest- 

wich  on  the,  236. 
Tertiary  beds,  upper,  at  Copford,  184. 

 formations,  synoptical  table  of, 

279. 

Thanet  sands,  Foraminifiera  of,  described 
by  Mr.  Rupert  Jones,  267 ;  fotsOs  of, 
described  by  Mr.  Morris,  264 ;  titbo- 
logical  character  of  the,  242;  Mr. 
Prestwkh  on  the,  235;  organic  re- 
mains of  the,  245 ;  range  and  physi- 
cal characters  of  the,  240. 

Thornton  Beck,  section  of  the  km 
paheozoic  rocks  at,  43. 

Till  in  the  Southern  Highland*,  26. 

 of  Essex,  list  of  fossUs  in  the,  192. 

 ,  transport  of  the  boulders  of  the, 

29. 

Tiriemont,  plastic  clay  at,  361. 
Tournay,  beds  at,  intermediate  between 

the  eocene  and  the  cretaceous,  361. 
Trap  rocks  of  Cantyre,  Prof  J.  Niool  on 

the,  414. 

Trimmer,  Mr.,  on  the  origin  of  the  soils 
which  corer  the  chalk  of  Kent,  273. 

Tropkon  tubnodomi,  266. 

Ural  Mountains,  auriferous  drift  of  the, 
noticed,  Uv. 

 ,  absence  of  glaciers  in  the,  xxxr. 

Valparaiso  and  Santiago,  earthquake 
at,  1. 

Vaudercomb,  Mr.,  notice  of,  nit. 

Veins  of  trap  in  granite,  404. 

Wales,  North,  Prof.  Ramsay  on  the  su- 
perficial accumulations  and  saifrce- 
markings  of,  371 ;  noticed,  xlii. 

 ,  Prof.  Sedgwick  on  the  lower  psr 

tooaotc  rocks  of,  145. 

Waterhouse,  Mr.,  on  fossil  teeth  of  the 
bearer  at  Copford,  188. 

Weald,  Mr.  Prestwich  on  the  deration) 
of  the,  257. 

Wealden,  supposed  foot-prints  in  the, 
397. 

Westmoreland  and  Yorkshire,  Prat 
Sedgwick  on  the  pelgoioic  rocks  of, 
35. 

Weston,  Mr.,  on  the  snbescarpments  of 
the  Ridgway  Range,  and  their  con- 
temporaneous deposits  in  the  Isle  of 
Portland,  110. 

Whitney  and  Foster,  MM.,  on  the  Lake 
Superior  Land  District,  noticed.  Lux. 

Wollaston  Medal,  award  of  the,  xix. 

Woolhope  limestone.  Prof.  Sedgwkk 
on  the,  143. 
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